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Water (Variables)

This worksheet in the main PCA water database consists of a list of the original
fields: ParamID and UnitsID for all retained variables in the Water (SWGW)
worksheet. The EDA_Variable and EDA_UnitsID fields located adjacent to the
original fields show the assignments made for purposes of processing in
EDAnalyzer and SYSTAT. This worksheet documents the variables
(EDA_Variable) and units (EDA_UnitsID) assigned to the data for use in the PCA.

Water (P Protocol)

This worksheet in the main PCA water database contains a cross-tabulation of the
various phosphorus data (in rectangular or tabular form) retained for PCA use and
documents the protocol for assigning data to the three forms of phosphorus used in
the PCA: soluble reactive phosphorus (P_Sol_Reac), total phosphorus (P_T), and
total dissolved phosphorus (P_TD).

USGS (N DB)

This worksheet in the main PCA water database contains a copy of the USGS data
for various nitrogen analyses. This worksheet was used to construct a cross-
tabulation of these data, provided in the worksheet: USGS (N CT) discussed below.

USGS (N CT)

This worksheet in the main PCA water database contains a cross-tabulation for use
in evaluating and assigning the USGS nitrogen data to the appropriate variables.
The original ParamID: Ammonia Nitrogen refers to USGS method code P00625,
Ammonia + Organic Nitrogen (mg/L as N). Since this is the same as total Kjeldahl
nitrogen (TKN), data corresponding to P00625 were assigned the code: TKN in the
EDA_Variable field.

The worksheets in the main PCA solids database were similar to those in the water
database and are therefore only briefly summarized below:

Solids (SD)

This worksheet in the main PCA solids database contains the portion of the data (in
linear data records or database form) to be retained for PCA use.

Solids (Out)

This worksheet in the main PCA solids database contains the portion of the data
not retained for PCA use.

Solids (Variables)

This worksheet in the main PCA solids database contains a list that documents the
variables and units assigned to the data used in the PCA.

Solids (P Protocol)
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This worksheet in the main PCA solids database contains a cross-tabulation of the
various phosphorus data (in rectangular or tabular form) retained for PCA use and
documents the protocol used to assign data to the form of phosphorus used in the
PCA: total phosphorus (P_T).

The process followed in retaining (or not retaining) data for PCA use and applying
the various protocols documented in the two main databases was developed based on
Steps 1-5 and the experience gained during a previous, preliminary set of PCA runs.
As this preliminary work was conducted on an incomplete database (recently
collected data were not included) they are not discussed further or presented in this
report.

In summary, for the water samples, a total of 82,111 individual data records were
extracted from the master database or created during processing in the main PCA
water database. Of these, 49,088 records were retained for use in the PCA and 33,023
records were not retained. The retained data contained results for 66 analytical
parameters, which were each assigned one of 40 unique variable codes for use in the
various investigative and sensitivity PCA runs described in this report.

Similarly, for the solids samples, a total of 18,546 individual data records were
extracted from the master database or created during processing in the main PCA
water database. Of these, 13,101 records were retained for use in the PCA and 5,445
records were not retained. The retained data contained results for 98 analytical

— parameters (note: this number is higher than in the case of the water database due to
inclusion of both dry weight and wet weight data), which were each assigned one of
41 unique variable codes for use in the various investigative and sensitivity PCA runs
described in this report.

Individual EXCEL sub-database files were created from the main databases for use in
the actual PCA runs; i.e., for import into EDAnalyzer. These sub-database files were
given names all beginning with “Subdatabase” and include a sequence number that
indicates the date (month and day) of creation. The date indicator was used for
documentation purposes, in order to allow tracking of the various PCA runs and
result files to a particular sub-database. The sub-databases were exact copies (on the
date indicated) of the data contained in the nine EDA fields located in the rtained
data worksheets of the two main database workbooks. Following is a listing of the
sub-database files used in the PCA:

Subdatabase_Water_0427 xls
Subdatabase_Water_0428.xls
Subdatabase_Solids_0429.xls
Subdatabase_Solids_0430.xls
Subdatabase_Solids_0501.xls
Subdatabase_Solids_0502.xls
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~ Step 7: Perform Distributional and Data Exploration Analyses

Data exploration or exploratory data analysis (EDA) is a key component of, and is
integrated directly into, the PCA conducted during this investigation. In fact, the
name of the CDM-developed EXCEL Add-In program: EDAnalyzer means
“Exploratory Data Analyzer”. EDAnalyzer is a tool specifically developed for
analysis of multivariate datasets, allowing interactive EDA in order to: (1) examine
the distributions of and select appropriate variables (analytes) for PCA, (2) determine
appropriate variable transformations, and (3) identify possible outliers for further
review and/or elimination. In addition, EDAnalyzer performs PCA (via a shell to the
SYSTAT program) and loads, displays, and saves PCA results for further
examination.

EDAnalyzer was not the only approach used for EDA in this investigation: other EDA
methods were conducted outside of the EDAnalyzer program. The results of these
other methods are discussed in appropriate locations in this report.

EDAnalyzer operates by first loading the appropriate sub-database file (listed at the
end of Step 6). Selections are then made of the various groups (EDA_Group),
variables (EDA_Variable), and samples (EDA_Sample) of interest to a particular
analysis or run. An option under sample selection is used to set the criterion to be
used to limit the retaining of samples to a desired level of completeness of the
variables, e.g., samples with data for at least 20 of 26 variables. Another option is
used to set the multiplier for handling nondetect data (note: for all PCA runs
conducted during this investigation, the multiplier was set to 0.5, meaning that the
result was set to one-half of the detection limit). The program then generates a cross-
tabulation of the data (samples in rows by variables in columns) based on the
selections and options. During generation of the cross-tabulation, the nondetect
multiplier is applied and the results for replicates (e.g., field splits) are averaged. The
program then generates descriptive statistics and a correlation matrix for the cross-
tabulation.

The correlation matrix was used only as a means of identifying possible “holes” in the
matrix for purposes of the PCA, and was not used as input to the actual PCA. Holes
in the correlation matrix are due to variables with an insufficient number of results
relative to other variables. Tnese variables were identified during previous,
preliminary PCA runs and used to remove variables; therefore, for the current PCA it
was typically not necessary to examine the correlation matrix for holes that would
prevent the PCA from running.

The descriptive statistics generated for each variable were as follows:

a Count
m Mean
n Median

s Minimum

CDM 6-40



Case 4:05-cv-00329-GKF-PJC  Document 2089-5 Filed in USDC ND/OK on 05/19/2009 Page 4 of 75

m Maximum
m Standard Deviation
m Skewness

» Kurtosis

In conjunction with the descriptive statistics (listed above), probability plots (or
pplots) are generated in order to examine the distributional shape of the data for each
variable. An interactive tool is used to examine the effect of various transformations
on the distributions. The possible transformations available in EDAnalyzer are:
natural logarithm, base-10 logarithm, square, and square-root. This step is important
in the PCA for two reasons: (1) it is desirable to have distributions that are near-
normally shaped and (2) it is desirable to re-scale the data so as to minimize the affect
on the PCA of variables with widely varying concentrations, distributions, and units
of measure. In practice, for most of the PCA runs, data were base-10 log transformed
for all variables (although there were exceptions) to obtain near-normal distributions
for most of the paramets and to minimize the affect of highly variable concentrations
and units of measure. This is a common practice for environmental data which are
typically log-normally distributed. As an example, the probability plots for run
surface samples (SW3) are provided in Appendix E.

The descriptive statistics and pplots were also used to identify anomalous data or
outliers. Such outliers were always checked to verify that they were not the result of
transcription errors in the project database or on laboratory reports. In cases where
transcription errors were identified, these were corrected in the main database and a
new sub-database generated for PCA (note: this iterative process is one reason for the
multiple sub-databases listed at the end of Step 6: to allow documentation of these
corrections). In cases where transcription errors could not be verified for the outliers,
they were either retained in the PCA or were eliminated by removing an entire
sample. Such eliminated samples (which were always few in number) were removed
via an interactive tool on the generated cross-tabulation. The following samples were
removed as outliers in selected and corresponding PCA runs:

a EOF-SPREADO073B:6/18/2006:SW:S:-:-

This is an edge-of-field runoff sample that exhibited anomalously high concentrations
for several variables. Some of the values reported seem to be laboratory errors;
however, the laboratory error could not be confirmed.

m LK-01:5/17/2006:SW:S:0:-
s LK-02:5/16/2006:SW:S:0:-
These are surface water samples collected from Lake Tenkiller that exhibited

anomalously high sulfate values (7,055 and 7,032 mg/L, respectively). These values
are obvious laboratory errors.
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~ MAN-BC-20D:3/31/2008:SW:S:~:(SPLP-4-1)

= MAN-BC-22F:4/1/2008:SW:S:-:(SPLP-4-1)

MAN-BC-24D:4/3/2008:SW:S:-:(SPLP-4-1)
» MAN-BC-24F:4/3/2008:SW:S:-:(SPLP-4-1)

These are cow manure leachate samples that exhibit extremely high concentrations for
several variables. All 4:1 leachate samples were excluded from the PCA in lieu of 20:1
leachates which are considered more realistic of runoff.

» FAC-16:12/14/2007:SWS:-:(SPLP-4-1)
s FAC-16:12/14/2007:SW:S:-:(SPLP-20-1)
s FAC-17:12/19/2007:SW:S:-:(SPLP-20-1)

These are chicken waste leachate samples that exhibit extremely high concentrations
for several variables.

s EOF-Q1:6/17/2006:5W:S:-:-
s EOF-Q2:6/17/2006:SW:S:-:-
s EOF-Q3:6/18/2006:5W:S:-:-
s EOF-Q4:6/18/2006:5W:S:-:-

These are edge-of-field samples that were not selected because the actual locations
and collection process could not be documented.

In summary, the EDA (descriptive statistics and the pplots) were used to help identify
a set of variables and samples to be retained for the PCA. This process is discussed in
further detail in Step 8.

Step 8: Identify Parameters that Meet i’"CA Criteria

The identification of parameters (variables) that meet PCA criteria was an iterative
process. Ultimately, this determination was made during EDA as discussed in Step 7.
However, much of the actual identification and selection occurred and is documented
in the main databases (Step 6) based on previous, preliminary PCA runs and other
calculations. Overall, the criteria used to identify parameters for PCA are stated and
discussed below:

m Include as many parameters as possible.

This criterion is designed to allow more definitive and accurate distinction of
sources of contamination, to better explain differences in waste compositions, and
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to better explain relationships of waste composition. This is an overall PCA and
investigative objective.

s Exclude redundant parameters.

Parameters that measure similar attributes or composition of the samples were
excluded from the PCA in most cases to avoid placing to much weight on similar
constitutents. For example, conductivity was excluded in the water PCA runs
because it measures the same attribute as total dissolved solids (TDS). In addition,
dissolved metals were typically excluded in the water PCA runs in lieu of total
metals since dissolved metals measure the same attribute and are typically a
substantial portion of total metals. Metals (e.g., copper) tend to form complexes
with the large amount of organic matter in the poultry waste (see Moore et al.
1998). Hence total metals, which include both complexed and colloidal forms,
better represent the metal transport during field runoff and subsequent transport in
streams. Use of total metals also avoids any problems associated with the small
amount of samples where dissolved concentrations were reported higher than total
concentrations (see section 3.10 for discussion). Sensitivity runs (see Step 14) were
performed with both dissolved and total metals (either total or dissolved).

Various forms of phosphorus were also excluded due to potential redundancy (and
other reasons) in both the water and solids PCA runs. In the water runs, only three
forms of phosphorus were retained: total dissolved phosphorus (filtered; P_TD),
soluble reactive phosphorus (filtered; P_Sol_Reac), and total phosphorus (not
filtered; P_T). These three forms of phosphorus were retained because they are the
most important forms used in modeling and other evaluations, and because,
though somewhat redundant, they may aid in distinguishing sources. In addition,
selected phosphorus analytical methods were eliminated based on protocols
established and documented in the main water and solids databases. In all cases,
phosphorus by method 6010 was eliminated because it was shown to have
interferences and resulted in inaccurate data (see Section 3.8). Even though
phosphorus by method 6020 provided reliable results (see Section 3.8), it was
redundant with total phosphorus (not filtered) and dissolved total phosphorus
(filtered). In addition, phosphorus results by method 4500 (Standard Methods)
were typically used in lieu of phosphorus results by method 365.2 because the
detection limits were lower. See Section 3.8 for a more complete discussion and
comparison of phosphorus methods. In addition, sensitivity runs were performed
with only one of the phosphorus parameters (vs. three). This and other sensitivity
run results are discussed further in Step 14.

s Exclude parameter results by unreliable methods.
As previously discussed, phosphorus by method 6010 was eliminated because
results were not accurate.

= Exclude parameters that were not routinely analyzed.

m Variables with low relative numbers of observations (counts) were not retained for
~ the PCA. The basis for this criterion was to minimize the impact of missing data on

CDM 6-43



Case 4:05-cv-00329-GKF-PJC  Document 2089-5 Filed in USDC ND/OK on 05/19/2009 Page 7 of 75

PCA, which affects the ability of the PCA to generate reliable PC scores. Retaining
these parameters would create "holes" in the correlation matrix and statistical
evaluations could not be performed. Tables 6.11-4a (water) and 6.11-4b (solids)
provides a list of parameters not routinely analyzed that were excluded from the
PCA.

» Exclude parameters with a substantial amount of nondetects.

Variables with relatively high percentages of nondetects (as indicated on the pplots
or by calculations) were not retained also for the PCA. The basis for this criterion
was two-fold: either such variables were considered of insufficient variance (i.e.,
constants) or they were deemed to have too few observations above analytical
detection limits to be reliably used for the PCA. These variables were identified
iteratively during previous, preliminary PCA runs, and hence were removed at the
main database stage during the current analyses. Tables 6.11-5 (water) and 6.11-6
(solids) provide the frequency of detection for each of the measured parameters
that were retained and that were excluded. As shown for the water samples, the
frequency of detection of all retained parameters was typically larger than 55 to 60
percent except for total arsenic (46% detections in water). Arsenic was retained for
the water PCA runs because it is an important parameter in distinguishing poultry
waste from other wastes (it is added to poultry feed). A sensitivity analysis was
performed with and without arsenic (see Step 14). No significant differences were
observed in the results. In addition, some of the dissolved metals (aluminum, iron
and arsenic) have lower frequency of detections. For major runs, only total metal

~ concentrations were used. In addition, sensitivity runs were performed using
dissolved metals instead of total metals (see Step 14). For solids, the frequency of
detection for retained parameters was typically above 70 percent expect for sodium,
beryllium and staphylococcus.

m Select parameters with good variability and good distribution.

Variables with low relative variability as indicated by their limited range
(maximum - minimum) and/or small standard deviation were not retained for
purposes of the PCA. The basis for this criterion was to minimize the impact on the
PCA of variables with low or insufficient variance, since such variables were either
not useful for the PCA or are considered constants (not variables). During Step 7,
descriptive statistics (minimum, maximum, etc) and probability plots were
evaluated. Probability plots (of transformed data as applicable) were examined
visually to ensure that the measured concentrations had a good distribution (near
linear plot with good variation of concentrations from low to high). Example
probability plots are provided in Appendix E.

s Exclude parameters for which concentrations in the waste source are similar to
background concentrations and as a result may not provide good variation in the
environmental samples.

For example, nickel in both poultry waste and background soils have similar
concentrations. Originally (in previous, preliminary PCA runs), nickel was
excluded from the PCA. However, based on the frequency of detection (60%), it
was decided to retain nickel in subsequent analyses. Sensitivity analyses was
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performed during previous PCA runs with and without nickel to determine if any
large differences were observed (see Step 14). No significant differences were
observed in the results. All PCA runs for this report included nickel.

Based on the above criteria and evaluations, a maximum of 26 water parameters, and
a maximum of 32 solids parameters, were selected for the various PCA runs. For
some of the sensitivity and investigative runs (see Section Step 14), these numbers
were lower (e.g., 24 parameters were selected in the water sensitivity runs using only
one of the three phosphorus parameters). For the two main water PCA runs
presented in detail in this report (SW3 and SW17), the parameters retained and

included in the PCA were as follows:

Total Aluminum
Total Arsenic

Total Calcium

Total Coliforms

E. coli

Total Iron

Total Potassium

Total Manganese
Total Nickel

Soluble Reactive Phosphorus
Total Phosphorus
Total Dissolved Solids
Total Organic Carbon

Alkalinity

Total Barium

Chloride

Total Copper
Enterococcus

Fecal Coliforms

Total Magnesium

Total Sodium

Nitrite + Nitrate

Total Dissolved Phosphorus
Sulfate

Total Kjeldahl Nitrogen
Total Zinc

For one of the two main solids PCA runs presented in detail in this report (SD1), the
parameters retained and included in the PCA were as follows:

Total Aluminum

Total Barium

Total Calcium

Total Coliforms

Total Copper
Enterococcus

Fecal Coliforms

Total Potassium

Total Manganese

Water Soluble Ammonium
Total Nitrogen
Phosphorus (Mehlich 3)
Water Soluble Phosphorus

Total Arsenic
Total Beryllium
Total Cobalt
Total Chromium
E. coli

Total Iron

Total Mercury
Total Magnesium
Total Sodium
Total Nickel
Organic Matter
Total Phosphorus
Total Lead
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pH (1:1)

Water Soluble Sulfate

Total Vanadium

Soluble Salts
Staphylococcus
Total Zinc

For the second of the two main solids PCA runs presented in detail in this report
(SD6), which included core samples collected from Lake Tenkiller, the parameters

retained and included in the PCA were as follows:

Total Aluminum
Total Barium
Total Calcium
Total Chromium
Total Iron

Total Potassium
Total Manganese
Total Nickel
Organic Matter
Total Lead
Soluble Salts
Total Zinc

Total Arsenic
Total Beryllium
Total Cobalt
Total Copper
Total Mercury
Total Magnesium
Total Sodium
Total Nitrogen
Total Phosphorus
pH (1:1)

Total Vanadium

The above list for the included core samples differs from the previous list (without the

core samples) because the core samples were not analyzed for as many parameters.
For example, the core samples were not analyzed for bacteria. Hence the PCA runs
that included the core samples were reduced to a smaller number of variables.

Step 9: Normalize and Standardize Data and Perform PCA

As discussed in the previous Steps 7 and 8, typically all data used in the PCA were
first normalized by using a log (base 10) transformation. In addition, standardization
in the form of an autoscale (or z) transformation is conducted automatically by
SYSTAT during a PCA run by analyzing a correlation matrix. The autoscale
transformation, which ensures homogeneity of variance in the PCA, is defined as

follows:

where z; is the datum (typically though not always base-10 log transformed) for
variable i and sample j, and X; and s; are the mean and standard deviation,
respectively, of the data (again, typically base-10 log transformed) for variable i and

all samples.

As previously discussed, the EXCEL add-in program EDAnalyzer is used to facilitate
the PCA. The EDAnalyzer program performs three primary functions: (1) interactive

selection of groups, variables, and samples via distributional and data exploration
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analyses, including graphical displays; (2) generation of SYSTAT datasets and
command files, and the running of the SYSTAT program via a shell application; and
(3) managing and loading of SYSTAT result files for interactive graphical displays,
along with options for saving selections and results files. These functions are
described in further detail below. Note that EDAnalyzer is a utility program: all of its
functions can be performed by hand prior to and following PCA analysis in SYSTAT;
however, hand-performance of these functions is tedious and subject to mistakes, and
therefore EDAnalyzer was used to ensure that a standard process was used.

Sub-databases (e.g., Subdatabase_Water_0428.xls) are loaded into EDAnalyzer. Using
the fields: EDA_Group, EDA_Sample, and EDA_Variable, the user selects a set of
records pertinent to the desired PCA. The selections are stored on the worksheet:
Selections, which can be saved to a file in order to document the selections.
Distributional and EDA is conducted via generation of a cross-tabulation, which is the
rectangular (samples in rows and variables in columns) dataset that SYSTAT uses for
actual PCA analysis (provided on the worksheet: Crosstab). The cross-tabulation is
interactively examined to identify samples with a sufficient number of variables for
PCA analysis. EDAnalyzer has an option for selecting a minimum number of
variables, e.g., at least 20 of 26 variables. EDAnalyzer also has an option for creating
(or averaging) the cross-tabulation by sample or by location; e.g., in the case of by
location, the data for a particular variable with multiple samples assigned to that
location would be averaged during creation of the cross-tabulation. For the current
PCA runs in this report, no averaging is performed except when actual field splits
(duplicates) were sampled, and no averaging is performed for samples collected at the
same locations but at different times. In addition, EDAnalyzer has an option for
selecting a multiplier for use on nondetect data: for all current PCA runs this
multiplier was set to 0.5, meaning that values below analytical detection limits were
set to one-half the detection limit.

As previously discussed in Step 7, distributional and data exploration analyses
conducted in EDAnalyzer includes generation of a Pearson r correlation matrix
(provided on the worksheet: Matrix). The correlation matrix is examined to ensure
that (1) there will be no holes in the matrix, i.e., cases where a correlation cannot be
calculated due to insufficient data and (2) there will be no cases with a correlation of
1, since that would indicate a condition where a variable was actually a constant in
the PCA. Examination of the correlation matrix within EDAnalyzer is only a
convenience in that SYSTAT can not perform PCA if the above conditions are not met
- otherwise the correlation matrix generated in EDAnalyzer is not used directly by
SYSTAT. As previously discussed, distributional and data exploration analyses
conducted in EDAnalyzer also includes generation of various descriptive statistics
and graphical displays (provided on the worksheet: Statistics). These are interactively
examined and explored. The descriptive statistics are provided for each variable and
include: Count, Minimum, Maximum, Mean, Median, Variance, and Standard
Deviation. In addition, a normal probability plot is provided in order to allow
examination of the distributional shape of the data and to assess the number of
nondetects. EDAnalyzer has an interactive tool that allows the user to select various
possible data transformation functions, including logarithmic, square, and square
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root, to view the transformed data on the probability plot, and then to save a selected
transformation for subsequent inclusion as a command in the SYSTAT command file
created by EDAnalyzer. The protocol used was to select the transformation that most
closely "normalizes" the variables - typically this was the logarithmic (base 10)
transformation. Finally, the probability plots and accompanying descriptive statistics
are examined to ensure that the variable has sufficient variance (variability) to be
considered a useful variable in the PCA. Variables with insufficient variance, or a
large percentage of nondetects, are not useful variables and may cause the SYSTAT
PCA to not execute.

Once interactive selection and data exploration are completed, EDAnalyzer creates
the dataset (essentially a copy of the Crosstab worksheet) and the command file for
the SYSTAT PCA. EDAnalyzer then shells out to SYSTAT via execution of the
command file. The command file contains instructions to SYSTAT for creating and
managing input and output files and for transforming variables, along with the
detailed instructions for the PCA. The SYSTAT output files are stored within a fixed-
location folder and they are always given the same names. The user ensures that the
PCA run was successfully completed (all commands were executed) - if not, SYSTAT
provides an error message. Following successful execution, the output files in the
fixed-location folder (from a previous PCA run, if any) are overwritten.

Following completion of a successful PCA run in SYSTAT, control goes back to
EDAnalyzer and the user then loads the SYSTAT results directly into EDAnalyzer

~ into various worksheets: Standard - which contains the standardized data generated
in SYSTAT and actually used in the PCA, and Results - which contains loadings,
coefficients, percent variance explained, and PC scores for the first five principal
components and for five different rotations. The PC scores are generated within
EDAnalyzer using the coefficients and standardized data. Additionally, a re-scaled
PC score is calculated for each sample or location. The Result worksheet also contains
the EDA_Groups selected for the analysis.

Although EDAnalyzer only extracts results for the first (or top) five principal
components, SYSTAT actually generates results for all possible principal components,
one for each variable. EDAnalyzer only shows the results for the first five principal
components because it is rare that information in components beyond the first 2-3 is
useful in environmental studies.

After the Results worksheet is populated, EDAnalyzer uses this information to
generate various PCA graphical displays (provided on the worksheet: Display). The
graphical displays include: horizontal bar charts showing both the loadings and
coefficients of the parameter for the first two PCs, a vertical bar graph which shows
the percent variance explained by each of the five principal components, a PC by PC
scatter plot showing the loadings with variable labels, a PC by PC scatter plot
showing PC scores with sample/location labels, and a map (X versus Y coordinate)
showing the sample/location points size-scaled according to the value of the PC score
selected. EDAnalyzer provides an interactive tool that allows for selecting various
~~ principal components and rotations for graphical display.
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The numerical PCA results on the Results worksheet can be and typically are saved to
separate files in order to document the PCA and to save the results for subsequent
analysis, graphical display, and mapping purposes. The graphical displays of the
results generated within EDAnalyzer are not typically saved; however, EDAnalyzer
can import saved results files in order to display them graphically at a later time. For
all current PCA runs presented in this report, both the cross-tabulated dataset and the
PCA results were saved to individual files. These files were given names
corresponding to the date the PCA was conducted, e.g.,
Crosstab_Water_0427_SW_3.xls and Results_Water_0427_SW_3.xls are the saved
cross-tabulation and results files for water PCA run SW 3 conducted on April 27,
2008. The sub-database loaded into EDAnalyzer, used in making a PCA run, and
pertaining to the cross-tabulation and result files, is the file with the same or most
recent previous “date” (e.g., for the example, this was the sub-database file named
Subdatabase_Water_0427.xIs).

The cross-tabulation and result files generated by EDAnalyzer and saved (as
described above) were subsequently used to generate various additional files for data
analysis and graphical display, depending on the current needs and level of analysis
(e.g., sensitivity or investigative analysis). Generally, these additional files included a
file with prefix “R_PC_Plot” that contains the PC 1 through PC 5 scores for all five
rotations, along with a series of PC by PC scatter plots pertaining to all five rotations.
These and other files were also generated in order to provide graphical displays and
tabulations presented in this report.

Step 10: Identify Major Principal Components

The total variability (or variance) in a multivariate dataset is a function of the number
of parameters and their individual variances. If the parameters exhibit no inter-
relationships or mutual correlations then the proportion or percentage of the total
variance explained by or accounted for by each variable (parameter) would be the
same. For example, the percentage of the total variance accounted for by each
variable in a dataset with i = 26 parameters, given no mutual correlations, would be
(1/1) x 100 = (1/26) x 100 = 3.85%. However, this is not true for a multivariate dataset
where the parameters exhibit at least some degree of mutual correlation. Principal
components analysis (PCA) is a commonly used multivariate statistical method for
identifying these mutual correlations, 1f present, and re-apportioning the individual
variances accordingly.

PCA operates by transforming a dataset with a large number of parameters,
ostensibly with inherent mutual correlations, to a new set of uncorrelated reference
parameters called principal components or PCs. The number of PCs is the same as
the number of original parameters. However, the apportionment of the total variance
among the PCs will depend not only on the number of PCs but on the mutual
correlations exhibited by the original parameters that comprise the PCs. Given
mutual correlations, the objectives of PCA are to: (1) identify those PCs that explain or
account for relatively high percentages of the total variance in a dataset, and (2)
examine these PCs in order to interpret meaningful relationships among the samples
in the dataset. These objectives can only be met by PCA in those cases where the
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/ parameters exhibit mutual correlations —and hence the dimensionality of the
parameters in a multivariate dataset can be reduced to a smaller number of significant
PCs—and where these PCs exhibit relationships among the samples from which
meaningful interpretations are possible. The term “significant” in this context means
that a relatively high percentage of the total variance is accounted for (explained) by a
small number of PCs.

Experience has shown that the objectives of PCA can be met in a dataset or
environmental system dominated by a relatively few number of source impacts that
exhibit mutual correlations among their parameters. In such cases a correspondingly
high percentage of the total variance is explained by only a few PCs, typically 2-3 PCs.
This is the reason why EDAnalyzer only extracts (for examination) the top or most
significant five PCs: if the top five PCs do not account for a high percentage of the
total variance in the system then there is little hope of interpreting meaningful
relationships among the samples. In PCA, the PCs are sorted according to the
percentage of total variance explained, i.e., from those PCs that account for the
highest percentage to those that account for the lowest percentage. One then
examines these percentages in order to identify the significant PCs, if any.

Many different PCA runs were conducted during this investigation, some of which
have been classified as “sensitivity” analyses and some of which have been classified
as “investigative” analyses. Those classified as sensitivity analyses were designed to
evaluate the sensitivity on the PCA of using certain different parameter sets or sample

~ groups. The sensitivity analyses and their results are discussed in more detail in Step
14. The investigative analyses were designed for more direct analysis and
interpretation relative to identification of source signatures in the watershed. From
the investigative PCA runs, four have been selected (two for water samples labeled
SW 3 and SW 17, and two for solids samples labeled SD 1 and SD 6) as the most
important to the investigation or project objectives. Hence the results of these four
PCA runs are presented in detail in this report. Aside from their importance, these
four runs are also representative of the method used to examine the significance of the
PCs, as discussed above, and therefore will be used as such in this section.

One method of displaying the significance of the PCs graphically is a point plot of the
percent variance explained versus each PC, where the number of PCs is equal to the
total number of original variables —and hence one can show how the variances differ
from a corresponding alternate case of no mutual correlations. Such a plot is known
as a scree plot, the term “scree” meaning “rubble at the bottom of a cliff” and
referring to the random noise in the dataset as the number of PCs increases. In this
context, “random noise” refers to the variance attributable to the original variables
(parameters) and unrelated to the significant PCs. Figure 6.11-1 shows a scree plot for
PCA run SW 3, which contained 26 variables and hence corresponds to 26 PCs, PC 1
through PC 26 on the plot. As shown, the top five PCs (PC 1 through PC 5; indicated
with blue symbols) each account for more than (1/1) x 100 = (1/26) x 100 = 3.85% of
the total variance in the dataset, the amount attributable to random noise or to each
original variable, and hence are considered significant. The amount of variance

~— actually explained by the top five PCs for SW 3 is 74.1%, a significant proportion of
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the total variance and a significant reduction in dimensionality: from 26 variables
explaining 100% of the variance to 5 PCs explaining 74.1%. The remaining variance,
(100 - 74.1) x 100 = 25.9%, is considered to be random noise and is unrelated to the
first five PCs. An alternate way of displaying this same information is a scree plot in
the form of a bar graph, as shown in Figure 6.11-2 for SW 3. On the bar graph, the
percentage of the total variance explained by the top five PCs are each indicated, i.e.,
38.0% (PC1),18.2% (PC 2), 7.6% (PC 3), 5.3% (PC 4), and 4.9% (PC5). These variances
indicate that PC 1 and PC 2 are by far the most important of the five together
explaining 56.2% of the total variance, relative to PCs 3,4, and 5 (17.8%). Similar plots
for the other PCA runs are provided in Figures 6.11-3 through 6.11-8. These all
clearly show that the top five PCs are significant (above random noise), and that the
top two PCs are the most significant. These results were used to establish the top two
PCs (PC1 and PC2) as representing the dominant signals or signatures related to
impacts in the watershed. The dominant PC1 and PC2 signatures also proved to be
interpretable as to source identification because they are so dominant - see steps 12
and 13. On the other hand, PCs 3, 4, and 5 generally were less readily interpretable
(because they are so much closer to random noise or background variation).

For the two water PCA runs (SW 3 and SW 17), there is no particular advantage of
one scree plot version over the other: they both show the same information.

However, for the two solids PCA runs (SD 1 and SD 6), the bar graph version has the
advantage of also showing an alternate PCA rotation (called the varimax rotation)
that proved useful for additional interpretation of the sample PC scores, as discussed
further in this report. The objective of varimax rotation is to use the significant PCs
(in this case PC 1 through PC 5, i.e., ignoring the insignificant PCs 6 through 26) and
rotate or adjust their PC axes to maximize the variance of the variable loadings (closer
to +1 or -1). This rotation proved to assist the interpretation in terms of the original
variables and to allow more definitive distinctions of PC scores, in the cases of the
solids PCAs. As shown on the corresponding figures, the varimax rotation
apportions the percentage of total variance differently; however, the total variance
explained by the top five PCs is the same: in the case of SD 1, 81.4%, and in the case of
SD 6, 81.7%. Again, as in all PCA runs, the PCA in all cases successfully reduced the
dimensionality of the datasets from a large number of original variables to a relatively
few significant PCs, hence allowing for meaningful interpretations of source impacts
in the watershed.

A summary of the variance explained by PC1 and PC2 for each of the four major PCA
runs are shown below:
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Run Groups Rotation Variance | Variance Variance
Explained | Explained | Explained by
by PC1 by PC2 PC1 and PC2
(%) (*0) (%)

SW3 Surface Waters No Rotation 38.0 18.2 56.2

SW 17 | Surface Waters and No Rotation 34.2 159 50.1
Groundwaters

SD1 Solids (wastes, Varimax 38.3 16.7 55.0

soils, sediments)

SD 6 Solids and Core No Rotation 38.5 285 67.0
Samples

Each calculated PC (significant or otherwise) has associated with it a set of coefficients
that relate the value of the PC to the values of the original variables. Hence these
coefficients can be multiplied by the values of the original variables, and then
summed, to calculate a PC score for each sample in the dataset. The method of
calculating PC scores, and how these scores are used in evaluating the samples, is
discussed in further detail in Step 11. The variance of the values (PC scores) of a
particular PC for all samples in a dataset determines what is equal to a quantity called
an eigenvalue, which is equal to the variance of the PC and therefore used to calculate
the percent variance explained by the PC. For example, for PCA run SW 3, which
contains 26 variables, the eigenvalue for PC 1 is 9.89, and therefore the percentage of
the total variance explained by PC 1 is (9.89/26) x 100 = 38.0%, as is shown in Figure
6.11-9. This illustrates how these scree plots are generated.

The correlation between the values of the PCs for all samples and the corresponding
values of the original variables is called a loading. A loading is a re-scaled coefficient
such that they become correlation coefficients. Hence it is useful and meaningful to
examine the loadings (or the coefficients) in order to determine the importance of the
original variables for a particular PC. This is a key step in interpreting the PCs with
regard to source signatures, as those variables with relatively high loadings
(significant correlations) may be related in terms of geochemical mechanisms and
transport pathways to similar high concentrations (or correlations) in the waste
source. The actual interpretations of the PCs are presented and discussed in Step 12
of this report. The loadings and coefficients for four critical PCA runs (SW 3, SW 17,
SD 1 and SD 6) are provided in Figures 6.11-10 through 6.11-17. Figure 6.11-10
provides bar graphs of the loadings for PC 1 and PC 2 for PCA run SW 3. As shown,
PC 1 exhibits relatively high positive loadings (greater than 0.6) for a large number of
variables, including: arsenic, total coliforms, copper, e. coli, enterococcus, iron, fecal
coliforms, potassium, nickel, total and total dissolved phosphorus, total organic
carbon, and zinc. These are interpreted as the most important variables comprising
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PC 1, and therefore if these or a subset of these variables can be shown to be related to
a particular waste source, then samples with high PC 1 scores can be related to, or
have signatures consistent with, that source. Similarly, PC 2 exhibits relatively high
loadings for a different set of variables: chloride, sodium, and sulfate, which may
indicate a relationship to another source. The threshold loading (0.6) in this example
is arbitrary and has been selected solely for illustrative purposes: such thresholds are
commonly adjusted based on additional information available to the investigator.
Figure 6.11-11 provides the bar charts for Run SW 3 for both PC1 and PC2 with the
coefficients shown instead of the loadings. Figures 6.11-12 and 6.11-13 provide the
loadings and coefficients for PC1 and PC2 for SW17. Figures 6.11-14a and 6.11-15a
provide the loadings and coefficients for SD1. Figures 6.11-14b and 6.11-15b provide
the loadings and coefficients for SD1 using the varimax rotation. Figures 6.11-16 and
6.11-17 provide the loadings and coefficients for PC1 and PC2 for SD6.

Step 11: Calculate Principal Component Scores

Principal component (PC) scores are calculated for each identified significant PC for
each individual sample. Identification of significant PCs was discussed in Step 10. To
calculate a PC score for each individual sample, the PC coefficient is multiplied by the
standardized parameter concentration. This is performed for all parameters
(variables) in a particular PCA run. The product values for all 25 parameters are
summed to yield one PC score for each sample for each PC. Hence, a particular
sample will have both a PC 1 score and a PC 2 score. If one of the variables selected in
a particular PCA run is missing a value (due to it not being measured), the product
(coefficient times the standardized concentration) for that parameter is essentially not
used in the summation: this is the same as multiplying the coefficient by the
standardized mean concentration which is zero. Sensitivity runs were performed
using datasets with no missing value (Step 14)

Once the PC scores have been calculated for each significant PC, they are examined
graphically via PC-by-PC scatter plots. Since EDAnalyzer extracts (for examination)
the top five PCs, the number of scatter plots produced for possible examination will
be: (5)(4)/2=10,i.e, PC1vs.PC2,PC1vs. PC3,PC1vs.PC4,PC1vs. PC5,PC2
vs. PC3, PC2vs. PC4, PC2vs. PC5, PC 3 vs. PC4, PC3 vs. PC5, and PC 4 vs. PC5.
Furthermore, since the PCA is conducted using five different possible rotation
variations: no rotation, varimax, equimax, quartimax, and oblimin, a total of: (10)(5) =
50 PC scatter plots were actually produced.

PC1 vs PC2 plots are provided for the following PCA runs:

m SW3 (Surface Water)
Figure 6.11-18a

Figure 6.11-18b (expanded view)

|

Figure 6.11-18¢ (shows two major groups - WWTP impacted waters and poultry
waste impacted waters)

)

Figure 6.11-18d and e (sample types identified)
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s SW17 (Surface Water and Groundwater)
- Figure 6.11-19a
— Figure 6.11-19b (expanded view)
— Figure 6.11-19c and d (sample types identified)

a SD1 (Solid Samples)
Figure 6.11-20a

Figure 6.11-20b (expanded view)

Figure 6.11-20 c and d (sample types identified)
Figure 6.11-20e (PC2 vs PC3)
Figure 6.11-20f (PC1 vs PC2, no rotation)

s SD6 (Solid Samples including Lake Tenkiller core samples)
— Figure 6.11-21a
— Figure 6.11-21b (expanded view)
— Figure 6.11-21c and d (sample types identified)

Examination of the PC scatter plots is a key step with regard to interpreting source
signatures in the watershed: the analyst seeks to identify patterns, groupings, and
relationships in the PC scores that distinguish the samples based on the various waste
source impacts. This is discussed in further detail in Steps 12. The PC scores were
also mapped in order to examine spatial and temporal relationships of the samples to
the various waste sources. The PC scores typically range from negative to positive
values. In this investigation, mapping was facilitated by re-scaling the PC scores such
that the lowest score for a particular PC was assigned a value of one. This is also
discussed in further detail in Steps 12.

Principal Component Scores are provided in Appendix F for all four major PCA runs
conducted during this investigation and discussed in this report. There were a total
of 22 water PCA runs (SW 1 through SW 22) and eight solids PCA runs (SD 1 through
SD 6). Tables 6.11-7a (Water) and 6.11-7b (Solids) provide a summary of the PCA
Runs.

Step 12: Evaluate Whether Major Components are Associated with Specific
Sources

This step consists of two evaluations: 1) comparison of the principal component

parameters to the composition of known waste sources and 2) a spatial and

temporary analysis of individual principal component scores (for all major principal
— components).
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~ .
Comparison to Known Waste Sources
In section 6.4.2, the chemical composition of cattle manure, poultry waste and waste
water treatment plant discharges were provided (taken from literature values). Tables
6.11-8, 6.11-9 and 6.11-10 provides the compositions of the PCA parameters for the
following materials collected from the IRW:
m For Solid Samples (Table 6.11-8): 32 parameters
— Average composition of 16 poultry waste samples
- Average composition of 5 fresh cattle manure samples and 5 dry cattle manure
samples
m For Synthetic Precipitation Leachate (SPLP) Samples (Table 6.11-9): 25 parameters
— Average composition of two poultry waste leachates
— Average composition of five fresh and five dry cattle manure leachate
— Note, because the SPLP procedures require filtering, no total P was reported and
all metals are dissolved concentrations (25 parameters versus 26).
m For Liquid Samples (Table 6.11-10): 26 parameters
- — Average composition of runoff from fields with poultry waste application (60
samples) - note, fields also had some cattle manure
- Average composition of runoff from fields with potentially only cattle manure
(two samples)
-~ Average composition of two springs documented with cattle manure
— Average composition of WWTP discharge from samples collected at Rogers
discharge, Siloam Springs discharge and Springdale discharge (note - all
samples were collected during high flow rates because of infiltration to lines
after rain)
- Average composition of surface water samples (25 samples) impacted by and
collected downgradient of WWTP discharges
As shown in Table 6.11-8, the parameters highlighted in yellow have a different
composition when compared to poultry waste. Parameters where poultry waste and
cattle manure have distinctly different concentrations (by a factor of at least 3 times)
are copper, phosphorus, potassium, zinc, manganese, arsenic, sulfate, sodium,
calcium, soluble salts, nickel, aluminum, chromium, and some bacteria. Figure 6.11-
14b provides the PC1 parameters and loadings sorted in order of importance for the
solid samples (run SD1) including poultry waste, cattle manure, soil (0-2 inch), river
-~ sediments and Lake Tenkiller sediments (grab samples only). The parameters with the

largest loadings and most importance in the PC (shown by the length of the vertical
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bars) are at the top of the figure while the loadings with the lowest coefficients and
least importance are at the lower part of the figure. As shown, 24 of the 32 parameters
have positive coefficients. Sixteen (16) of the parameters have significant loadings
above 0.5. Parameters with the largest loadings in PC1 in order of importance follow:
potassium, total P, sodium, magnesium, water soluble sulfate, total zinc, soluble salts,
Mebhlich 3 P, copper, calcium, organic matter, water soluble ammonia, water soluble
P, total nitrogen, enterococcus and e. coli. As shown in Table 6.11-8, many of these
parameters have very large concentrations in poultry waste and relative lower
concentrations in cattle manure including potassium, phosphorus, sodium and
sulfate.

Most important, the PC1 score vs PC2 score figure (Figure 6.11-20a and c) shows that
the cattle manure plots on the figure in a distinctly different group than the poultry
waste. These two groups are most clearly separated using the varimax rotation.
However, the separate groups are also observed on the PC1 vs PC2 figure using no
rotation (Figure 6.11-20f). These figures show that cattle manure and poultry waste
have different and distinct chemical/bacterial signatures.

Table 6.11-9 compares the synthetic precipitation leachates from poultry waste and
cattle manure. The parameter concentrations highlighted in yellow have distinctly
higher concentrations in poultry waste leachate than cattle manure leachate by a
factor of at least 3 times. These parameters include: copper, iron, TOC, nickel,
potassium, zinc, arsenic, total dissolved P, soluble reactive P, TKN, total dissolved
solids, sulfate, chloride, sodium and alkalinity. Figure 6.11-10 provides the PC1
parameters and loadings sorted in order of importance for surface water samples. As
shown, 22 of the 26 parameters have positive loadings. Nineteen (19) of the 26
parameters have loadings above 0.5. Parameters with the largest loadings in order of
importance include: copper, e. coli, iron, TOC, total P, aluminum, nickel, fecal
coliform, enterococcus, total coliform, potassium, zinc, manganese, arenic, total
dissolved P and soluble reactive P. As shown, poultry leachate has very high
concentrations of all of these parameters. A PAC run was performed with both
poultry waste SPLP leachate and cattle manure SPLP leachate (SW18 - see Appendix
F). This run shows that the poultry waste SPLP and the cattle manure SPLP samples
are in distinct groups. No runs were performed with the SPLP poultry waste samples
and surface water samples because the very high PC scores for the SPLP sample
would dominate the analysis.

Table 6.11-10 provides the concentration information for liquid (water) related wastes
including edge of field, WWTP discharges and surface waters impacted by WWTP
discharges. As shown by concentrations highlighted in yellow, the chemical
composition of runoff from poultry waste applied fields is different than runoff from
fields with only cattle manure. All parameters with measured concentrations are
different by a factor of 3 or more. Table 6.11-10 also provides the chemical
composition of WWTP effluent samples and for samples collected in streams (25
samples) directly downgradient of WWTP discharges. As shown, the chemical and
bacterial composition of runoff from poultry waste applied fields is distinctly

~ different when compared to the WWTP effluent or stream samples. Different (much
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higher) chemical and bacteria concentrations include: cooper, e. coli, iron, TOC, total
P, aluminum, nickel, fecal coliform, enterococcus, total coliform, potsssium, zinc,
manganese, arsenic, total dissolved P, soluble reactive P, TKN, and barium. These
parameters have very high concentrations in runoff from fields with poultry waste
and leachate from poultry waste. Table 6.11-10 also show that springs (two samples)
impacted with cattle manure have a different composition and lower concentrations
than runoff from fields with poultry waste or poultry waste leachate for most
parameters including copper, e. coli, iron, TOC, aluminum, nickel, fecal coliform,
enterococcus, total coliform, zinc, manganese, arsenic, TKN and nitrite + nitrate.

Figure 6.11-10 shows the loadings for the 26 parameters for both PC1 and PC2 for
surface water samples (SW3). As shown for PC1, 22 of the 26 parameters have positive
loadings and 19 of the parameters have loadings greater than 0.5. All of these
parameters have very large concentrations in runoff from fields with poultry waste
and leachate from poultry waste. Figure 6.11-10 also shows the loadings for the 26
parameters for PC2. As shown, 14 parameters have a positive loadings and 7 have
loadings larger than 0.5. The largest loadings in order of importance follow: sodium,
chloride, sulfate, soluble reactive phosphorus, calcium, total dissolved phosphorus,
potassium, magnesium, alkalinity, TDS and nitrite+nitrate. Of these parameters,
calcium, sodium, chloride, nitrite+nitrate, and sulfate have larger concentrations in
WWTP associated samples then in samples associated with poultry waste.

Because of the chemical and bacterial comparison discussed above, PC1 has been
identified as associated with poultry waste and PC2 has been identified as associated
with WWTP effluent. These identification were be confirmed by the spatial analysis
discussed in the next section.

Spatial Analysis

The spatial / temporal analysis evaluated principal component scores in relation to the
location of the sample (distance from sources), group type or environmental
component (e.g, edge of field), sample conditions (e.g., high flow, base flow), poultry
house density, and reference locations.

Appendix F provides the PC1 scores for the surface water samples (SW3) sorted from
high to low values. The following observations can be made:

u The highest PC1 scores are the edge of field samples collected as runoff from fields
with poultry waste application. Of the top 50 samples with highest PC1 scores
(scores above a value of 2), 44 are edge of field samples. Four other samples in this
group were collected at USGS stations or small tributarties stations during very
high flow conditions. The highest PC1 score is 8.1 for an edge of field sample
collected after documented poultry waste application and from water flowing off
the field. The fact that the highest PC1 scores are from the edge of field samples is
consistent with the samples being collected at the source of surface water
contamination; i.e., the runoff from fields with poultry waste. These are the
locations where the most PC1 parameters were detected at the highest

A~ concentrations.
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u The lowest scores are from reference areas or areas with minimal poultry houses
and operations. The lowest score (1.00) is from REF2 (Dry Creek), the only true
reference with no poultry houses in the area. Other “reference” locations outside
the IRW, REF1 and REF3 (Little Lee Creek and Spring Creek) have the third and
fifth lowest PC1 scores, respectively (1.18 and 1.19). Other low scores were from
samples collected at HFS30 and HFS28A which are small tributarties in the IRW
with low poultry house density. Some low scores were also observed for some
USGS stations on the Baron Fork and HFS20. HFS20 has low poultry house density
in the actual basin, but high poultry house density within a two mile radius. If PC1
represents poultry contaminant, then areas with minimal poultry impacts should
have the lowest PC1 scores.

s Figures 6.11-22a and 6.11-22b show box plots with the median, lower quartile and
upper quartile for the PC1 scores for the following groups: edge of field samples,
small tributartiy locations with samples collected at high flow, small tributarty
locations with samples collected at base flow, USGS stations (at high flow), USGS
stations (base flow), surface water samples collected at biological and other river
locations (mostly base flow), samples collected in Lake Tenkiller and samples
collected at reference or locations with minimal poultry waste impact. As shown
the median and upper quartile PC1 scores typically decrease in value in a logical
order according to the known pathways from very high at the edge of field to very
low at the reference locations. After edge of field samples, samples collected during
high flow conditions in the small tributarties have the next highest scores followed
by base flow samples collected at the same locations and surface water samples
collected at high flow conditions. The median PC1 score for USGS samples
collected at high flow show an increase compared to the median for surface water
samples collected for other river samples. The PC1 scores for samples collected
from Lake Tenkiller are higher than the PC1 scores for samples collected at the
USGS stations during base flow conditions. The reference areas have the lowest
PC1 scores. This evaluation shows the transport of PC1 parameters from the edge
of field to rivers and streams and finally to Lake Tenkiller.

Appendix F shows the PC2 scores sorted from the highest to lowest scores for run
SW3. Several observations can be made:

m Of the highest 65 PC2 scores (above PC2 values of 4.8), three are discharge samples
from WWTPs, 52 are surface water samples and 10 are the anomalous EOF samples
discussed in Section 6.8. Of the 52 surface water samples, 48 are downgradient of
WWTP discharges. This includes 18 samples at HFS04 (downgradient of Siloam
Springs WWTP discharge) and 16 samples at HFS22 (downgradient of Lincoln
WWTP discharge). Samples from locations 345, 121, 75, 349, 31, 350, 901, 120, 109,
72,122 and 246 are also in this group. These samples are downgradient of
discharges from Rogers, Springdale, Siloam Springs, Prairie Grove, Lincoln,
Westville and Fayetteville WWTP discharges. Most of the samples are
downgradient of Springdale or Rogers. See Table 6.11-11 for the largest PC2 scores
and locations.
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w Of the highest 65 PC2 scores, 10 are from edge of field samples. However the
chemical/bacterial compositions of these 10 samples are distinctly different than
effluent from WWTPs and are discussed in detail in Section 6.8. These 10 samples
also have very high PC1 while the WWTP impacted samples do not have high PC1
scores. These 10 samples are not WWTP effluent impacted but are thought to be
fresh leachates collected during very high runoff conditions. These samples could
potentially contain both cattle manure and poultry waste contamination.

Summary Observations

Because of the spatial analysis and comparisons to waste compositions, PC1 has been
identified as related to poultry contamination (i.e., a poultry waste signature) and PC2
has been identified as related to WWTP discharge (i.e., a WWTP signature). In
addition, high PC1 scores are observed along the major flow pathways and are higher
near sources of poultry waste land application and decrease with distance from the
source areas. The evaluation of these observations is performed in conjunction with
the next two Steps of the PCA evaluation: step 13 (Use of PC Scores to Determine
Sample and Locations Impacted by Major Sources of Contamination) and step 14
(Investigative and Sensitivity Runs).

Step 13: Use the PC Scores to Determine the Samples and Locations in the
IRW that are Impacted by Major Sources of Contamination

As previously discussed in Step 12, a spatial evaluation was performed to evaluate
the individual sample PC scores in relation to distance from sources, sample group,
sample conditions and reference locations. In this step the individual PC scores were
evaluated to determine the magnitude of impact or contamination from sources
across the basin. If contamination is pervasive and dominant across the IRW in all
environment components, a pattern or signature groups of each major source of
contamination should be observed when evaluating PC scores relative to each other.

Figures 6.11-18a and 6.11-18b provides a plot of the PC1 (x-axis) vs the PC2 (y-axis)
scores for run SW3. Figure 6.11-f shows all 573 scores and Figure 6.11-18b shows only
the scores for the samples inside the box shown in Figure 6.11-18a (“ Area of
Expanded View”). Figure 6.11-18c shows all points in the expanded view area (560
out of the 573 samples are shown). The figure also shows lines around the two major
groups of samples identified from PC1 and PC2 evaluations. The group with high
PC1 scores is labeled "poultry dominant impact" and contains the samples whose
chemical and bacterial composition is dominated by poultry contamination. The
group with high PC2 scores is labeled "WWTP dominant impact". These are the
samples in which the WWTP impact or influence on the sample is greater than the
poultry impact. There are 57 samples in this group (10 % of total). It is important to
note that except for some of the reference samples, most of the samples (even those
"dominated" by WWTP) show some poultry contamination.

The two groups were selected by examining the locations and chemistry/bacterial
composition of the individual samples. For the “WWTP dominant impact” group, the
o PC2 scores were selected to be above a value of 4.7. As shown in Table 6.11-11,
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samples below about a score of 4.8 are typically not in locations downgradient of
WWTP discharges so cannot be impacted by WWTPs. For the “poultry waste
dominant impact” group, a PC1 score of greater than 1.3 was selected. This is a
conservatively high value and could have been set lower to include more samples.
The value was selected by examining the locations and scores of samples, particularly
the scores of reference samples and samples in low poultry density areas. In
summary, the samples with PC1 scores below approximately 1.3 include all samples
from reference locations (six total), 9 out of 10 samples from HFS30 (small watershed
location with low poultry house density) and 10 out of 11 samples from HFS28A
(small watershed location with low poultry house density). The one sample from
HFS30 and the one sample from HFS28A with higher PC1 scores were collected
during extreme flow events. Overall, 441 of the 573 samples (77%) had PC1 scores
higher 1.3 and show some poultry contamination.

Figure 6.11-23 shows the average PC1 scores by location (based on PCA run SW3).
The average PC1 score was determined if multiple samples were collected and
contained in the PCA analyses by calculating the mean score of those samples. In
Figure 6.11-23, there are 175 different locations. Of these, 137 have a PC1 average
scores greater than 1.3. Therefore, approximately 78 percent of the locations sampled
in the IRW show some poultry contamination. Locations with PC2 scores higher than
1.3 are shown in red; those with scores less than 1.3 are shown in green.

The following table gives a breakdown of the number of samples with poultry
contamination by the various sample types (based on run SW3):

Sample Type Sample Counts Percent > 1.3
EOF 65/65 100
Lake Tenkiller 29/29 100
Steam - base flow 56/90 62
Stream -high flow 13/20 65
Small Trib-base flow 32/48 67
Small Trib-high flow 158/177 89
USGS - base flow 32/48 67
USGS - high flow 60/81 74
[Note: the three WWTP discharges samples are not included because they are actual
source samples; reference samples are included in the “streams” group.

Evaluation of Groundwater and Spring Samples

Figures 6.11-19a and 6.11-19b show the PC1 score vs PC2 score plot for PCA run
SW17. This run is the same as SW3 except groundwater samples (geoprobe and
existing wells) and springs samples are included in the PCA. This results in 699 total
samples in the PCA. The results of this run are provided graphically and include:

e Figures 6.11-3 and 6.11-4: Scree Plots and Variance Analysis

— ¢ Figures 6.11-12 and 6.11-13: PC Parameters, Loadings and Coefficients
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o Figures 6.11-19a, b, c and d: PC1 vs PC2 plots

In addition, Figure 6.11-22¢ provides box plots showing the PC1 scores for geoprobe
samples, spring samples and existing well samples (run SW17). As shown, there is a
decrease in the median PC1 values with Geoprobe samples having the highest PC1
scores, than springs and existing wells have the lowest PC1 scores. This is a logical
progression from shallow alluvial water to springs and to deeper wells.

A similar evaluation of PC1 scores was performed for the SW17 run as for the SW3
run where the PC scores for reference samples and samples from locations in areas of
low poultry house density were evaluated. This resulted in determination that the
same threshold PC1 score could be used to determine poultry waste impact (samples
with PC1 > 1.3). The locations of the springs, wells and geoprobes with PC1 average
values above and below a value of 1.3 are shown in Figure 6.11-24 (based on PCA run
SW17). There are 112 locations on the figure and 51 have PC1 values of greater than
1.3 (red dots). These locations are impacted with poultry contamination (46 percent).
The following table shows the number of individual samples with poultry
contamination (run SW17):

Sample Type Sample Counts Percent > 1.3
Geoprobe 16/17 94
Springs 19/49 39
Existing Wells 24/60 40

Overall, 59 out of 126 geoprobe, springs and well samples (47%) show poultry
contamination. The three wells known to be greater than 150 ft in depth (actual depth
= 203 to 803 ft) did not show poultry waste contamination. Four of the grower’s wells
(unknown depth) did show poultry waste contamination. Sample locations with PC1
scores reflecting poultry waste contamination are located through out the Oklahoma
portion of the IRW (most all sample locations where in Oklahoma) and demonstrate
that contamination is widespread for residential wells and alluvial groundwater.

In addition to the samples showing poultry waste impact, some of the groundwater
samples have higher PC2 scores than the typical samples identified as being impacted
with poultry waste contamination (relatively lower PC2 scores). These groundwater
samples potentially show human waste impact. Overall about 20 wells may show
potential human impact.

Evaluation of Potential Impact of Cattle Manure

The potential impact due to cattle manure was previously discussed in Section 6.4.2.

These mass balance calculations indicate that any impact or contamination from cattle

manure would be small (typically < 10 percent of the mass for most chemical

constitutents) compared to the impact due to poultry waste disposal. Previous steps

n this subsection (i.e., step 12 discussing waste characteristics) show that cattle

manure and cattle manure leachate are very different in chemical composition when
~ compared to poultry waste and poultry waste leachate. Therefore if cattle waste
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provides a major impact on contamination in the IRW, a dominant signature should
be observed in the PCA. To assist in this evaluation, samples with known cattle
contamination were evaluated. The chemical and bacterial compositions of these
samples have been previously provided in Tables 6.11-10 and 6.4-2a). The four
samples documented with cattle contamination are: SPR-LAL16-SP2, SPR-26, EOF-
CP-1B and EOF-CP-1A. Figure 6.11-25 shows the PC1 vs PC2 score plot for PCA run
SW22 (surface water and springs; same as SW3 with springs added). Also shown on
this figure are the locations of the four samples with potential cattle contamination
(red dots). One of the spring samples (SPR-26) plots in the WWTP impact area and
another spring sample (SPR-LAL16-SP2) plots above the WWTP impact area. Field
notebooks indicate that SPR-LAL16 was definitively contaminated with cattle manure
while SPR had the potential for cattle contamination. The other two samples plots
near the edge of the poultry waste impacted area. These four samples have very
different PC scores and no consistent relation or group is observed in the PCA. If
cattle contamination contributed a significant impact to contamination in the IRW, a
clear signature and associated group should be observed in the PCA and the four
samples with cattle contamination would be in the group. Based on the mass balance
calculations, the comparison of chemical composition and the PCA analyses, cattle
waste is not a major source of chemical contamination in the IRW.

Evaluation of Solid Samples

As previously discussed in Step 12 and shown in Figure 6.11-20a, cattle manure and
poultry waste samples form two distinct groups (PCA run SD1, varimax rotation). In
addition, soil samples (0-2 inches) collected from poultry waste applied fields and
sediment samples are typically more closely related to poultry waste samples than to
cattle manure samples. This shown in Figure 6.11-20e (run SD1, varimax, PC2 vs
PC3) where the cattle waste is distinct from the soils and sediments samples. The
poultry waste samples are closely related the soil and sediment samples.

Both PC1 and PC2 have high loading parameters that are related to poultry waste
contamination. Figures 6.11-20a, b, c and d provide the PC1 vs PC2 plots of run SD6
(solid samples including Lake Tenkiller core samples, no rotation). Figures 6.11-20b
and 6-11-20d show an expanded view of the PC1 vs PC2 plots. The core samples
typically show 2 decrease in PC2 scores from the shallow (more contaminated
samples) to the deeper (less contaminated samples). As has been previously
discussed (see section 6.7.2), this contamination in the Lake Tenkiller core samples is
the result of poultry waste. As shown Figures 6.11-20b and d, these contaminated
core sample plot with most of the soil and other sediment samples collected from the
IRW.

Step 14: Perform Investigative and Sensitivity Analyses

Analyses were performed to evaluate the change in the PCA results due to various
database selections or to determine the "sensitivity" of the results due to change in
various elements of the PCA. In particular the change was evaluated by comparing
the PCA results between various PCA runs. The results evaluated included
comparison of the magnitude of the parameter coefficients, the percent variance
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explained and the PC scores for the individual samples. Changes made in the PCA

runs included the number of parameters, specific parameters (e.g., arsenic and nickel),
the groups or types of samples from environmental components (e.g., combinations of
different environmental components), types of analyses (e.g., various forms and
analytical methods for phosphorus) and specific samples (e.g., outliers).

In particular, the following sensitivity runs were previously performed:

Surface water samples with and without additional phosphorus parameters.
Retention of three form of phosphorus may be redundant and bias result to those
samples with phosphorus. Similar runs were also performed for this current
report.

Surface water samples with and without the following parameters: arsenic, nickel,
nitrate+nitrite and alkalinity. These were the parameters which were on the border
line based on the parameter selection criteria (step 8). These parameters were all
retained for the current runs in this report.

Surface water samples using only parameters with highly positive coefficients (17
parameters with loadings > 0.5). This run was performed to determine the effect on
variance. Although the amount of variance related to PC1 and PC2 increased, the
ability to distinguish groups of potential contamination impact were not as distinct.
For the current report, the practice of using as large amount of parameters as
possible was continued.

Surface water samples with and without base flow distinguished from high flow
samples. These runs were performed to determine differences in impact at high
flow and base flow as observed in the scores and evaluate any bias of sampling
during high flow. In this current report, all surface water samples are designated
as either high flow or base flow samples.

Surface water samples without edge of field samples. This run was performed to
determine the influence of edge of field samples on the results. This run was also
performed for the current report.

Surface water samples without the samples with the highest 22 PC1 scores. This
run was performed to determine the influence of samples with high concentrations.

Surface and groundwater samples with and without additional phosphorus
parameters. As above, this run was performed to determine the influence of using
three forms of phosphorus.

Surface and groundwater samples with and without samples with the highest 22
PCI1 scores.

Surface and groundwater samples with the phosphorus (4500PF) results replaced
with dissolved phosphorus (6020) and total metals replaced with dissolved metals
for geoprobe samples. This replacement provides lower values for the phosphorus
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and metal concentrations. The geoprobe sample typically had high turbidity
(geoprobes are not developed similar to wells) and therefore, total concentrations
are elevated. These substitutions were continued for the current report.

a Surface and spring samples only. This was performed to see the scores and
influence of springs with observed or potential cattle contamination. This run was
also performed for the current report.

As a result of the previous PCA runs, the evaluations for this report also included a
series of investigative and sensitivity runs. These various runs are summarized in
Table 6.11-7 (see last column for purpose) and discussed in the following paragraphs:

= A series of PCA runs were conducted to evaluate the sensitivity on the water PCA
of using total versus dissolved metals concentrations: SW 1 versus SW 2, SW 3
versus SW 4, SW 5 versus SW 6, SW 7 versus SW 8, SW 9 versus SW 10, SW 11
versus SW 12, and SW 13 versus SW 14. These runs were conducted under a
variety of other sensitivity conditions (discussed below). In all of these runs,
changes in the PCA results were observed to be minor; i.e., the results were similar
whether total or dissolved metals were used. Although similar, the PCA runs with
total metals did exhibit a generally stronger relationship or ability to characterize
waste source signatures in the watershed. This was reasonable because the impacts
were expected to be more significant during high flow conditions.

m A series of PCA runs were conducted to evaluate the sensitivity on the water PCA,
and on the solids PCA, of allowing missing data in the calculation of PC scores
versus not allowing any missing data: SW 3 versus SW 15, SW 16 versus SW 17, SD
1 versus SD 2, SD 3 versus SD 4, and SD 6 versus SD 7. These runs were conducted
under a variety of other sensitivity conditions (discussed below). In all of these
runs, changes in the PCA were either observed to be minor, or the results were
similar between corresponding samples. Although similar, the PCA runs that
allowed for relatively larger amounts of missing data did provide relatively more
information (more sample PC scores) for purposes of evaluating waste source
signatures in the watershed.

m A series of PCA runs were conducted to evaluate the sensitivity on the water PCA
of using one phosphorus variable versus using three (possibly redundant)
phosphorus variables, in conjunction with the sensitivity of using a single bacteria
variable versus using multiple bacteria variables: SW 7 versus SW 8 (one versus
three phosphorus variables), SW 9 versus SW 10 and SW 11 versus SW 12 (one
versus multiple bacteria variables), and SW 13 versus SW 14 (combination of one
versus three phosphorus, and one versus multiple bacteria). In addition, these runs
were conducted with total versus dissolved metals (discussed above). The runs
using a single bacteria versus multiple bacteria variables was conducted to test the
possible impact on the PCA of multiple bacteria all with high concentrations. In all
of these runs, changes in the PCA were either observed to be minor, or the results
were similar between corresponding samples. Although similar, the PCA runs that
included all three forms of phosphorus, and that included multiple bacteria
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variables, did exhibit a generally stronger relationship or ability to characterize
waste source signatures in the watershed.

m A series of PCA runs were conducted to evaluate the sensitivity on the water PCA
of including SPLP leachate data and/or edge-of-field data versus not including
these data: SW 1 versus SW 3, SW 2 versus SW 4, SW 3 versus SW 5, and SW 4
versus SW 6. These runs were conducted to investigate the relative impact on the
PCA of including samples with much higher overall concentrations, i.e., potentially
more indicative of poultry and cattle impacts. In all of these runs, including these
data generally enhanced the ability to evaluate waste source signatures in the
watershed. However, the SPLP samples had a significant impact on the PCA
results, essentially overwhelming all other sample results and decreasing the ability
to distinguish source impact in ambient surface waters of the IRW. Therefore, these
runs indicated that including the SPLP data was not representative of actual source
impact conditions in the watershed. Additional PCA runs were conducted to
further evaluate differences between SPLP and edge-of-field samples only. These
runs: SW 16, SW 17, SW 18, SW 19, SW 20, and SW 21, which were considered more
“investigative” in nature, provided further support for excluding the SPLP data in
the selection of the most important runs for evaluating source signatures.

m A series of PCA runs were conducted to evaluate the sensitivity or influence on the
water PCA of including groundwater and/ or spring sample data versus not
including these data: SW 3 versus SW 16, SW 17, and SW 18. These runs were
conducted to evaluate the relative impact on the PCA of including samples
(homeowner groundwater) with much lower overall concentrations. In all of these
runs, including these data did not negatively impact the ability to evaluate waste
source signatures in the watershed. In certain cases, the inclusion of these data,
especially the spring samples, was useful in interpreting or explaining certain
apparently anomalous results.

m A series of PCA runs were conducted to evaluate the sensitivity on the solids PCA
of including poultry waste and cow manure sample data versus not including these
data: SD 1 versus SD 3, and SD 2 versus SD 4. Similar to the SPLP leachate and
edge of field water sensitivity runs, these runs were conducted to investigate the
relative impact on the solids PCA of including samples with much higher overall
concentrations, i.e., potentially more indicative of poultry and cattle impacts. In all
of these runs, including these data generally enhanced the ability to evaluate waste
source signatures in the watershed.

m Additional solids PCA runs were conducted to evaluate the impact on the PCA of
including Lake Tenkiller core samples versus not including these samples: SD 1
versus SD 6, SD 7, and SD 8. In addition, an investigative PCA run using only Lake
Tenkiller core samples was conducted: SD 5. All of these runs were used to
evaluate whether the core samples could be included in the PCA without loss of
information and without biasing the results, due to the fact that the core samples
were necessarily analyzed for a smaller set of variables (limited amount of material
~— was available for analysis). The results indicated that including the core samples
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supplied additional information relevant to the evaluation of waste source
signatures in the watershed.

The above sensitivity runs relate to the current PCA runs conducted and discussed in
this report. However, in addition to these current runs, numerous sensitivity runs
were also conducted during previous, preliminary PCA runs. As discussed above,
many of these previous runs were repeated in the current runs and are therefore not
discussed specifically in this report. On the other hand, some of these previous runs
were not repeated, including, for example, the sensitivity on the water PCA of
including arsenic and nickel data versus not including these data.

In summary, the sensitivity analyses indicated that the PCA (as established and
conducted in this investigation) proved to be very robust and was insensitive to
changes in variables, groupings, or other conditions. The PCA is an appropriate
method to identify major sources of contamination in the IRW.

Step 15: State and Document Conclusions

Overall, PCA supports the other lines of evidence previously discussed in this section.
Major conclusions from the PCA follow:

s PCA identified two major sources of contamination in the IRW: poultry waste
disposal and WWTP discharges. Poultry waste is by far the dominant
contamination source in the IRW when compared to other sources. Cattle waste

~ contamination was unique from both poultry waste and WWTP discharges;
however, contamination from cattle waste is not dominant in the IRW and only
represents a minor source.

The overall conclusions of the PCA evaluation in relation to the hypotheses given in
section 6.1 follow:

= Land application of poultry waste affects the chemical and bacterial water and
sediment composition of the IRW. The affect is observable in surface water,
groundwater and sediments collected from the IRW. This is shown by PCA: a
large and distinct group of samples is dominated by poultry waste contamination.

» WWTP discharges into rivers affect the chemical and bacterial water composition
of the IRW. The affect is observable in surface waters collected from the IRW. This
is shown by PCA: a distinct group of samples is dominated by WWTP discharge.

m Cattle manure deposited in fields and rivers affects the chemical and bacterial
composition; however, no dominant impact is observed from cattle waste in the
PCA. This is consistent with the mass balances.

2
6.3 Conclusions

As discussed in Section 6.2, multiple lines of evidence were used to evaluate the
sources of contamination in the IRW. The multiple lines of evidence all support that
-~ poultry waste disposal by land application is a major source of contamination
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including phosphorus and bacteria in the IRW. These lines of evidence include the
chemical and bacterial composition of major waste sources compared to
contamination in the IRW, mass balance calculations showing that poultry waste is a
major source of contamination, fate and transport observations for poultry waste
contaminants through out the IRW, analyses and detection of a poultry specific
biomarker and PCA evaluations showing poultry waste contamination in a dominant
source. These lines of evidence can be used to test the hypotheses stated in Section
6.1. The conclusions concerning the hypotheses follow:

s Land application of poultry waste affects the chemical and bacterial water and
sediment composition of the IRW and the affect is observable in surface water,
groundwater and sediments collected from the IRW. Poultry waste is the dominant
source of contamination in the IRW.

s WWTP discharges into rivers affect the chemical and bacterial water composition
of the IRW. The affect is observable in surface waters collected from the IRW. The
effect is not as large as the effect of poultry waste disposal in the IRW.

s Cattle manure deposited in fields and rivers affects the chemical and bacterial

composition; however, no dominant impact is observed from cattle waste in the
PCA.
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~ Table 2.1-1: Summary of Pouitry Houses Sampled by Iintegrator, Grower, Type of Poultry in the House, and

Sample Date.
Sa:gple Integrator Grower ;{)’rit:; s a[:;t)fe d

FAC-1A Simmons Barney Barnes Broiler 2/2/2006
FAC-1B Simmons Barney Barnes Broiler 2/2/2006
FAC-1C | Simmons Barney Barnes Broiler 2/2/2006
FAC-01 Tyson Jim Pigeon Broiler 6/20/2006
FAC-02 Simmons Juana Lofton Broiler 6/21/2006
FAC-03 Simmons Joel Reed Broiler 7/6/2006
FAC-04 Petersons Saunders Broiler 7/12/2006
FAC-05 George's Franklin Glenn Broiler 7/13/2006
FAC-06 Tyson - Westville Complex 123 | Ken Butler Broiler 7/20/2006
FAC-07 Tyson Larry McGarrah Broiler 8/3/2006
FAC-08 Cargill Schwabe Turkey 8/15/2006
FAC-09 Cobb Anderson Pullets 8/31/2006
FAC-10 Cobb Anderson-Chancellor Pullets 9/22/2006
FAC-11 George's Morrison Broilers Broiler 10/17/2007
FAC-12 Tyson Barney Nubbie Broiler 11/30/2007
FAC-13 Petersons O'Leary Broiler 11/29/2007
FAC-14 Cargill Masters Turkey 12/7/2007

~ FAC-15 Tyson Butler Green Country Complex No. 9 Broiler 12/12/2007
FAC-16 George's Ricky Reed Broiler 12/14/2007
FAC-17 Tyson Butler Green Country Complex No. 12 Broiler 12/19/2007
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- Table 2.2-1: Summary of Soil Sampling Locations
Sa:gple Integrator Grower Date Sampled
Applied Fields
LAL-01 Simmons Barnes - historical 2/2/2006
LAL-02 Simmons Barnes - compost applied 2/2/2006
LAL-03 Simmons Non-grower 2/3/2006
LAL-05 | Cobb Anderson & Anderson-Chancellor - Section 30 6/12/2006 - 6/13/2006
LAL-06 | Cobb Anderson - Section 9 6/14/2006 - 6/15/2006
LAL-07 | Tyson Pigeon 6/19/2006 - 6/20/2006
LAL-08 | Tyson* Non-grower 6/19/2006 - 6/21/2006
LAL-09 | Simmons Joel Reed 6/21/2006 - 6/22/2006 & 8/3/2006 (area C)
LAL-10 | Tyson Butler - Westville Complex 123 6/26/2006
LAL-11 Simmons* Non-grower 6/28/2006 - 6/29/2006
LAL-12 | Tyson McGarrah 7/6/2006 - 7/7/2006
LAL-13 | Simmons Coliins - historical 7/6/2006 - 7/7/2006
LAL-14 | George's Glenn 7/10/2006 - 7/11/2006
LAL-16 | Petersons Saunders 7/10/2006 & 7/19/2006
LAL-16 | Cargill Schwabe 7/17/2006 - 7/18/2006

~— LAL-17 | Simmons Loftin 7/17/2006 - 7/18/2006
LAL-18 | Cobb Anderson - Section 33 8/16/2006 & 8/31/2006 (area D)
LAL-19 George's Morrison Broilers 10/17/2007 - 10/18/2007
LAL-20 { Tyson Research Farm 11/13/2007 - 11/14/2007
LAL-21 Tyson Barney Nubbie 12/6/2007 - 12/7/2007
LAL-22 | Petersons Engleman 12/18/2007 - 12/19/2007
LAL-23 | George's Ricky Reed 12/13/2007 - 12/14/2007
Control Fields
CL-1 N/A N/A 10/24/2006 - 10/25/2006
CL-2 N/A N/A 10/24/2006
CL-3 N/A N/A 12/12/2006
CP-1 N/A N/A 4/1/2008
CP-2 N/A N/A 4/2/2008

*Integrators listed for non-growers are from the suspected primary source of waste applied at that location, based on

landowner statements.
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- Table 2.3-1: Summary of Edge of Field (EOF) Run-Off Water Samples Collected
Station ID Number of Sample Events by Analysis Group Collection Dates
Estrogens | Bacteria | Metals | Nitrogens | Phosphorus
Colcord Field #1 1 1 4/5/2005
Colcord Field #2 1 1 4/5/2005
EOF01 1 1 2 1 2 5/14/2005, 5/23/2005
EOF02 1 2 1 2 5/14/2005, 5/23/2005
EOFO03 2 1 2 5/14/2005, 5/23/2005
EOF04 2 1 2 5/14/2005, 5/23/2005
EOFO05 2 1 2 5/14/2005, 5/23/2005
EOF06 3 1 3 5/14/2005, 5/23/2005
EOF07 3 2 3 3 3 gg 532/3825 5/23/2005,
EOF07-222 1 1 1 1 1 4/13/2007
EOF07-230 1 1 1 1 1 4/24/2007
EOF07-232 1 1 1 1 1 4/24/2007
EOF07-259 1 1 1 1 1 4/13/2007
EOF07-LOR#1 1 1 1 1 1 4/24/2007
EOFO08 1 1 3 1 3 5/14/2005, 5/23/2005
EOF09 1 1 3 2 3 o a0a> 912312005,
P EOF10 1 1 1 5/23/2005
EOF11 1 1 3 2 3 /2072005, 61212005,
EOF12 2 1 2 5/23/2005, 6/1/2005
EOF14 1 1 1 1 1 6/2/2005
EOF15 1 1 1 1 1 6/2/2005
EOF16 1 1 1 1 1 6/5/2005
EOF17 1 1 1 1 1 6/5/2005
EOF18 1 1 1 1 1 6/5/2005
EOF19 1 1 1 1 1 6/5/2005
EOF20 1 1 1 1 1 6/5/2005
EOF21 1 1 1 1 1 6/5/2005
EOF22 1 1 1 1 1 6/5/2005
EOF23 1 1 1 1 1 6/5/2005
EOF24 1 1 1 1 1 6/5/2005
EOF25 1 1 1 1 1 6/5/2005
EOF26 1 1 1 1 1 6/5/2005
EOF27 1 1 1 1 1 6/5/2005
EOF28 1 1 1 1 1 6/5/2005
EOF29 1 1 1 1 1 6/5/2005
EOF30 1 1 1 1 1 6/5/2005
—~ EOF-321 1 3/21/2006
EOF-CP-1A 1 1 1 1 3/31/2008




Case 4:05-cv-00329-GKF-PJC  Document 2089-5 Filed in USDC ND/OK on 05/19/2009

Table 2.3-1: Summary of Edge of Field (EOF) Run-Off Water Samples Collected

Number of Sample Events by Analysis Group

Station ID Collection Dates
Estrogens | Bacteria | Metals | Nitrogens | Phosphorus
EOF-CP-1B 1 1 1 1 3/31/2008
EOF-EOF1 1 1 1 1 1 6/17/2006
EOF-GF1 1 1 1 1 1 3/9/2006
EOF-SPREAD002 1 1 1 1 1 4/25/2006
EOF-SPREADO07 2 2 2 2 2 4/25/20086, 5/4/2006
EOF-SPREADQ10 1 1 1 1 1 5/9/2006
EOF-SPREADO17A 1 1 1 1 1 5/1/2006
EOF-SPREAD023 2 2 2 2 2 4/25/2008, 6/18/2006
EOF-SPREAD025 2 2 2 2 2 5/4/2006, 6/18/2006
EOF-SPREAD026 2 2 2 2 2 4/25/2006, 4/29/2006
EOF-SPREADQ29 1 1 1 1 1 4/25/2006
EOF-SPREADO030 1 1 1 1 1 3/31/2006
EOF-SPREADO031 1 1 1 1 4/7/2006
EOF-SPREADQ36 1 1 1 1 1 4/25/2006
EOF-SPREAD044 1 1 1 1 1 6/18/2006
EOF-SPREAD048 1 1 1 1 1 5/9/2006
EOF-SPREADO052 1 1 1 1 1 4/25/2006
EOF-SPREAD053B 1 1 1 1 1 5/4/2006
EOF-SPREADOS53E 1 1 1 1 1 4/29/2006
EOF-SPREADO053G 1 1 1 1 1 5/4/2006
EOF-SPREAD059 1 1 1 1 1 4/29/2006
EOF-SPREADO060 1 1 1 1 1 4/29/2006
EOF-SPREADO064 1 1 1 1 1 5/4/2006
EOF-SPREADO065 1 1 1 1 1 5/4/2006
EOF-SPREADO068 1 1 1 1 1 6/18/2006
EOF-SPREADO071 1 1 1 1 1 5/10/2006
EOF-SPREADO073B 1 1 1 1 1 6/18/2006
EOF-SPREADO73E 1 1 1 1 6/22/2006
EOF-WF 1 10/25/2007
EOF-ZPEOF001 1 1 1 1 1 4/25/2006
EOF-ZPEOF030 1 1 1 1 1 4/25/2006
SSA01 1 1 1 1 5/14/2005
Total 63 63 88 74 89
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/‘\
Table 2.4-1: Summary of Small Tributary Sampling Locations
Density of
. Drainage Active USGS :
Slge Site Name Sct)l;zael:! Area Poultry Flow Landuse S:t?::;s S:l::i;cl,igg
(sq miles) Houses Gage
(#/mi2)
Flint Creek at cropland/pasture,
2 Springtown 3 145 22 Yes forest No 2005 - 06
Sager Creek
4 | near W. Siloam 2 18.3 29 ves | Sopandipasture. | ves | 2005-06
Springs residentia
5 | Goose Creek 2 13.9 05 No | Croplandipasture, | o | 2005 - 06
N. Trib to Lower cropland/pasture,
8 Baron Fork 2 114 33 No forest No 2005
Reference 4 forest,
14 (Trib to lllinois) 2 46 0 No cropland/pasture No 2005 - 06
16 gg;i:grfek 2 0.8 8.8 No cropland/pasture No 2005 - 06
20 g:’;rt\aa% tgreek 2 27 15.4 No cropland/pasture No 2005 - 06
21 | Moores Creek 2 3.6 8.9 No ;:;?:sl?nd/pasture, No 2005 - 06
22 | Bush Creek 2 34 18 No | croplandipasture, | ves | 2005 -06
23 | Budd Kidd Creek | 2 25.9 1.9 No | groplandipasture, |\, | 2005 - 06
—- 26 | Flve Mie Hollow 2 5.3 0 No | forest No 2005
’ forest, 2005 —
28A | Tyner Creek 3 71 0.7 No cropland/pasture No 2006
29 gf:::eate' 2 3.8 26 No | cropland/pasture No 2006
30 | gobutay (o 2 4.9 0.6 No | forest No 2006
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Table 2.4-2: Summary of Laboratory Analyses: Small Tributary Sampling

Page 42 of 75

. . Minimum Analytical :
Analysis Bottle Preservative Volume Laboratory Analytical Method
Total Organic Carbon | 2-40-mL glass HCI 80 mL A8&L 4152
EPA SW-
Total Metals+Mo+P 500-mL poly HNO3 125-mL A&L 3050/6010
Dissolved
Metals+Mo+P 500-mL poly HNO3 125-mL A&L 55;:‘)%‘(’)"1‘0
(filtered)
TKN, Ammonia 500-mL poly H2S04 225-mL A&L TKN, 351.3
Sulfate, Chloride,
Alkalinity (filtered) 500-mL poly None 350-mL A&L 375.1,310.2
Nitrate+Nitrite, TSS, 353.3, 160.2,
DS, pH 500-mL poly None 400-mL A&L 160.1. 150.0
Total and Dissolved Aquatic
Phosphate, ortho 150-mL poly None 100-mL Regear ch 365.2
phosphate
1000-mL
Estrogens amber glass H2S504 1000-mL GEL LC-MS-MS
1000-mL poly Northwind/Idaho
PCR sterile None 1000-mL State University qPCR
SM-9221B,
SM-9221F,
Bacteria 5003‘{2:}120‘)' None 500-mL EML SM-9230B,
SM-9221F, MPN,
MPN, MPN

Table 2.4-3: Summary of Small Tributary Sampling

Year Sample Sites Sampling Period s::‘t:: e':ug:, tI,I:::?efd High:::vsﬁzents Base;I ;vvs;;::ents
2005 12 5/25-10/12 95 0-9 1-4
2006 12 3/9 - 6/30 143 4-11 2
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Case 4:05-cv-00329-GKF-PJC  Document 2089-5 Filed in USDC ND/OK on 05/19/2009

-~ Table 2.7-1: Summary of Stream and Small Impoundment Sampling
Station ID Latitude Longitude Waterbody Sample Collection Date
BS-08 35.79517 -94 84580 Caney Creek 8/23/2005
BS-117 36.02507 -94.32159 lllinois River 9/14/2005
BS-208 35.97317 -94.67706 Peacheater Creek 9/1/2005, 10/12/2005
BS-28 3590448 | -94.62292 | Peavine Creek o 10/12/2005,
BS-35 3587241 | -94.45710 | Fly Creek Yo 10/13/2005.
BS62A | 36.08741 | -9458895 | Ballard Creek O 8/24/2005,
BS-68 36.09154 -94 50596 Cincinnati Creek 8/19/2005, 8/24/2005
BS-HF04 36.20151 -94.60464 Sager Creek 8/17/2005, 8/24/2005
BS-HF22 35.91576 -94.43543 Bush Creek 8/25/2005
BS-HF28A 36.02831 -94.72511 Tyner Creek 8/18/2005 ,8/23/2005
BS-REF1 35.65246 -94.62246 Little Lee Creek 8/18/2005 ,8/30/2005
BS-REF2 35.99961 -92.72758 Dry Creek 8/31/2005
BS-REF3 36.14498 -94.90716 Spring Creek 8/18/2005, 9/1/2005
HFS-04 36.20174 -94.60510 Sager Creek 10/11/2005
HFS-05 36.05633 -94.29074 Goose Creek 10/11/2005
HFS-08 35.95885 -94.63788 Green Creek 10/12/2005
~ HFS-16 36.24004 -94.23841 Puppy Creek 8/27/2005, 10/11/2005
HFS-26 36.19498 -94.72543 Flint Creek Tributary 10/11/2005
RS-3 35.92308 -94.92347 lllinois River 10/12/2005
SD-006 35.84148 -94.77278 Caney Creek 4/20/2005
SD-008 35.84802 -94.68690 Caney Creek 4/20/2005, 10/12/2005
SD-010 36.20256 -94.60653 Sager Creek 3/1/2005
SD-012 35.86813 -94 89760 Baron Fork Creek 3/3/2005
SD-016 35.91518 -94.82123 Wall Trip Branch 3/1/2005
SD-024 36.00252 -94.63521 Peacheater Creek 3/3/2005
SD-025 35.94779 -94.68910 Baron Fork Creek 3/3/2005
SD-027 35.91983 -94.62048 Baron Fork Creek 4/19/2005, 10/12/2005
SD-028 35.89365 -94.62828 Peavine Creek 3/3/2005
SD-029 35.87495 -94 56977 Evansville Creek 4/19/2005, 10/12/2005
SD-031 35.90578 -94 51697 Baron Fork Creek 4/20/2005, 10/11/2005
SD-032 35.88002 -94.48724 Baron Fork Creek 3/2/2005
SD-033 35.89825 -94.44724 Baron Fork Creek 3/2/2005, 10/13/2005
SD-035 35.86872 -94.40340 Fly Creek 3/2/2005
SD-037 35.89190 -94.95575 Tahlequah Creek 3/1/2005
SD-039 35.92283 -94.92385 lllinois River 3/1/2005
SD-046 35.96550 -94.91082 lllinois River 3/1/2005
o~ SD-051 36.09960 -94 82505 Winois River 3/1/2005
SD-057 36.21700 -94.60380 Flint Creek 3/1/2005, 10/11/2005
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— Table 2.7-1: Summary of Stream and Small Impoundment Sampling
Station ID Latitude Longitude Waterbody Sample Collection Date
SD-059 36.25580 -94 43374 Flint Creek 3/1/2005
SD-061 36.12962 -94 57223 Winois River 3/3/2005, 10/13/2005
SD-062 36.04408 -94.56815 Ballard Creek 3/3/2005, 10/11/2005
SD-062-V1 36.08741 -94.58895 Ballard Creek 10/11/2005
SD-062-V2 36.08741 -94.58895 Ballard Creek 10/11/2005
SD-063 36.01442 -94.54653 | Ballard Creek 4/19/2005
SD-064 35.94577 -94.47901 Ballard Creek 3/3/2005
SD-068 36.04103 -94 51307 lllinois River 3/3/2005
SD-071 36.16681 -94.43478 Winois River 3/4/2005
SD-074 36.19181 -94.38753 Osage Creek 3/4/2005
SD-079 36.19728 -94.33782 Osage Creek 3/2/2005
SD-083 | 3625819 | -94.31759 | Lick Branch 3o a0/ 1112005,
SD-084 36.22169 -94.28772 Osage Creek 3/2/2005
SD-086 36.28206 -94.26900 | Little Osage Creek 3/2/2005
SD-092 36.23993 -94.23819 | Puppy Creek 3/2/2005
SD-094 36.26550 -94.23770 | Osage Creek 3/2/2005
SD-095 36.29352 -94.15710 Osage Creek 3/2/2005
SD-096 36.17734 -94.39185 lllinois River 3/4/2005
~ SD-103 36.11967 -94.14404 | Mud Creek 3/3/2005
SD-104 36.10157 -94.34403 | llinois River 3/4/2005
SD-105 36.05853 -94.35086 | Muddy Fork Creek 3/3/2005
SD-107 36.01850 -94 37421 Moores Creek 3/3/2005
SD-109 35.99835 -94.42715 Moores Creek 3/3/2005
SD-111 35.97149 -94.33392 Muddy Fork Creek 3/3/2005
SD-112 36.05455 -94.31865 lllinois River 3/4/2005
SD-116 35.95389 -94.24958 lllinois River 3/3/2005
SD-117 3592015 -94.27319 lllinois River 3/3/2005
SD-201 35.90998 -94.56000 Baron Fork Creek 4/19/2005, 10/12/2005
SD-202 35.81127 -94.55250 Evansville Creek 4/20/2005, 10/12/2005
SD-203 35.80498 -94.49470 Evansville Creek Tributary 4/20/2005, 10/13/2005
SD-203-V1 35.80498 -94.49470 | Evansville Creek Tributary 10/13/2005
SD-203-V2 35.80498 -94.49470 | Evansville Creek Tributary 10/13/2005
SD-204 35.83135 -94.57498 | Evansville Creek 4/20/2005
SD-205 36.10518 -94.56557 | Ballard Creek 4/19/2005
SD-206 35.84465 -94.79148 | Bidding Creek 4/20/2005
SD-207 35.85538 -94.77525 | Bidding Creek 4/20/2005
SD-208 36.02288 -94.61883 Peacheater Creek 4/19/2005
SD-210 36.23423 | -94.67002 | Flint Creek Tributary oy /1112005,
- SD-211 36.23337 -94.61908 Crazy Creek 4/18/2005
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P Table 2.7-1: Summary of Stream and Small Impoundment Sampling
Station ID Latitude Longitude Waterbody Sample Collection Date
SD-212 36.21665 -94.66348 Flint Creek 4/18/2005
SD-213 36.23453 -9459015 | Flint Creek Tributary 4/18/2005
SD-214 36.07117 -94.67695 | Tyner Creek 4/19/2005
SD-301 36.00970 | -94.81317 | Pumpkin Hollow ‘1‘64//1223286;{2101//21050/22)05
SD-302 35.98577 -94.87712 | Tully Hollow 4/4/2005, 4/20/2005
SD-303 35.99797 -94.89727 Cedar Hollow 4/4/2005, 4/20/2005
SD-304 35.93965 -92.71375 | Bear Creek 6/25/2005
SD-305 35.94017 -92.71090 Bear Creek 6/25/2005
SD-306 35.90700 -92.81987 | Calf Creek 6/25/2005
SD-307 35.99867 -92.72732 Dry Creek 6/25/2005
SD-308 36.30720 -82.56793 | White River 6/25/2005
SD-S03 35.50765 -94.83299 | Sallisaw Creek 3/2/2005
SD-S04 35.55883 -94.73491 Brushy Creek 3/2/2005
SD-S06 35.65622 -94.74656 | Sallisaw Creek 3/2/2005
LKSD-1L-A 35.97197 -94.35436 | Budd Kidd Lake 3/16/2005
LKSD-1L-B 35.96851 -94.35362 Budd Kidd Lake 3/16/2005
LKSD-2L 36.23973 -94.54564 Flint Creek Lake 3/15/2005
LKSD-3L 36.19702 -94.21931 Lake Elmdale 3/15/2005
— LKSD-4L 36.13435 -94.13868 Lake Fayetteville 3/15/2005
LKSD-5L-A 36.13032 -94.56040 Lake Frances 3/16/2005
LKSD-5L-B 36.12357 -94.56654 | Lake Frances 3/16/2005
LKSD-6L 36.00328 -94.42197 Lake Lincoln 3/16/2005
LKSD-7L 35.93685 -84.33747 Lake Prairie Grove 3/15/2005
LKSD-8L 36.09172 -94.36685 Lake Weddington 3/16/2005
LKSD-9L 36.22306 -94.54196 Siloam Springs City Lake 3/15/2005
LKSD-S15 35.76354 -94.70832 Stillwell City Lake 3/17/2005
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Case 4:05-cv-00329-GKF-PJC  Document 2089-5 Filed in USDC ND/OK on 05/19/2009

o~~~
Table 2.8-2: Summary of Site Selection Based on Poultry House
Densities During the 2006 River and Biological Program
Quintile Number of original Sites Selected in each Quintile
1 51
2 52
3 52
4 55
5 44
Large Watersheds 22
No Data 20
/"\
Table 2.8-3: Summary of Sites Selected for Intensive Biological Sampling by Field PO4
Quintile
Quintile | Range of Field Measured PO4 | Number of original Sites Selected in each Quintile
1 < 0.08 9
2 0.08-0.15 12
3 0.15-0.24 10
4 0.24 - 0.54 17
5 >0.54 24
note: quintiles created from 194 Phase 1 sampling stations
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Table 2.8-4: Summary of the 2006 River and Biological Program Sampling

Parameter Group

Number of Samples Collected

Phase 1 Phase 2 Total
Bacteria 0 50 50
Chiorophyll a 0 72 72
Estrogens 0 37 37
Forms Of Phosphorus 145 72 217
Nitrogen Compounds 145 70 215
Sulfate 0 38 38
Chloride 38 38
Dissolved Metals 38 38
Total Metals 38 38
Total/Dissolved Organic Carbon 17 14 31
Total/Dissolved Solids 0 38 38

Table 2.8-5: Summary of Full Suite Sample Sites by Selection Criteria

Chicken House Quintile

Number of Sites

1 4
2 2
3 5
4 6
5 8
None (large river sites) 10

Field PO4 Quintile

Number of Sites

1 5
2 6
3 6
4 9
5 6
Not sampled 3

Note: includes HFS-30 sampled for full suite although not one of the 70

Biological Stations
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— Table 2.11-4: Summary of Samples Collected During the 2007 Lake Events
Approximate Number of Sample Collected for Each Parameter Group at each Site
Station ID Chlor:phyll P:g;m: of Nitrogen .4 g:ll :tl?t; Phytoplankton
phorus Compounds Parameters
Primary Lake Stations
LK-01 3 8 4 4 3
LK-02 3 8 4 4 3
LK-03 3 8 4 4 3
LK-04 3 8 4 4 3
Raw Water Intakes
RWI-CHRWD13 3 2
RWI-CHRWD2 3 3 2
RWI-GOREPWA 3 2
o

Figure 2.13-1: Total Phosphorus Concentration in Sediment and Poultry House Density Used
for Reference Location Selection

. Chicken
Total P in Houses per
Stream Name Station ID Sediment Square MiFI,e in Sampling Period
mg/Kg watershed
Spring Creek BS-REF3 237 0.75 2005
Little Lee Creek RS-10003/BS-REF1 117 0.14 2005-2007
Dry Creek BS-REF2 91 <0.01 2005
Little Lee Creek RS-10004 - 0.042 2006-2007
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~ Table 2.13-2: Number of Sampling Events for Each Parameter Group at the Primary

Reference Stream Locations
Parameter Group Number of Sampling Events
BS-REF1 BS-REF2 BS-REF3 RS-10004

Surface Water
Bacteria 1 1 1 1
Chioride 2 1 1 3
Chlorophyll a 2 - - 3
Dissolved Metais 1 1 1 1
Estrogens 1 1 1 1
Forms Of P 12 1 1 12
Nitrogen Compounds 3 1 1 3
Sulfate 1 1 1 1
Total Metals 1 1 1 1
Total/Dissolved Organic Carbon 1 - - -
Total/Dissolved Solids 1 1 1 1
Sediment
Bacteria 2 1 2 -
Chloride 2 1 2 -
Estrogens 1 1 1 -

— Forms Of P 2 1 2 -
Nitrogen Compounds 2 1 2 -
Sediment Toxicity 1 1 1 -
Soil/Sediment Classifications 2 1 2 -
Sulfate 2 1 2 -
Total Metals 2 1 2 -
Biota
Benthic Macroinvertebrates 3 1 1 2
Periphyton 3 1 1 3
Fish 2 1 1




Page 61 of 75

Case 4:05-cv-00329-GKF-PJC Document 2089-5 Filed in USDC ND/OK on 05/19/2009

ol vl b (1/8w) 4 1e301L

. . . (/6w) v-nAydoiolyd

ey sy LS asbesany Joawnung

. . _ . (seres BoH Z002)

000'8 4 Ly0'L 186°18 998'9vL uopeindog sUIMS

888'/¢ 0S8l eLL'ee 0€6'LY 125212 uonejndod ajp3ed

. _ ‘oo (sejes Aaxuny Z00Z)

885'198 0 190'6. 0 SYE'802°c uonendog Aoy

. _ . oy e (sereg 19j1049 2002)

¥Z1'6,9'91L gel'0¢g 6Z2'0¢ G€6°22.'0¢E 6¥0'LLP'OLL uoneindog Aqnod

020y 868 0SL°L 1272 0L9'L (;w) easy abeujesg

. (jood . . . (y-sa2e)j00d

000°20.'2 UONEAIBSUOD) 000°ZZ 000'9/. 060'816 00159 esodindpinyy eBesolg

evet . . . (ot (i4-a.10e) j00g

000'Z9t'c 000'CL¥ 000'G/8 S¥Z'89¢e’L 008'0€Z°} Jo1U0 POO] 8BRIONS

saloe

(jo0d {lood . . ‘ ‘ (

_ _ 00€'vZ (1ood [ewuou) | 1Z'yL | (l00d {ewuou) 906°21L flood esodindynui)

uoneAIasSUO?) O0L ‘S uoneAIasSuU0d) 0691 ealy ooBlNg

. \ . (sa10e {jood [o3u0d

00€'28 052'04 00€'8e pooy) eaiy soelNg

wzZ'6l W/l wezgl w /6l wol ~ yideq ueapy

OW "Joping dv ‘uojbuiysep
OW ‘aukep OW "liod 50 YV ‘uojueg sepunod
OW ‘uoy) OW '4epa)d MO ‘oseme|)aq pue 9je3g JueAdjay
OW ‘spioukey MO'llepy
suiejuno

(spue|ybiH xuezp) 6g (spueyybiy suezQ) 6¢ (spueiybiy 3ezQ) 6¢ mm_m_n_.m:ov _m,_m (spuetybiy x1ezQ) 6¢ uo)bay023 vd3
sieak gz ‘oqdouobio sieak gz oiydodjobijo sieal |z owydosobijo
sl Jey) uoneys dosp si Jeyy uone)s desp S| Jey} uoness dosp

e 1e ejep Adusiedsuel} e e ejep Aoualedsuen e je ejep Aoualedsuel) ejeq OM Bunsiaa
‘d-e1o4 ‘Iikydoiolyo ‘d-ejol ‘liAydosoly)d ‘d-lejol ‘|IAydoiolyd

1oAY BUYM Jany xoelg 19A1Y oS B JOAY Y04 UlBUNO JaAry stout|| Kenqu) Jofepy
(6561) 1S61-8v61 pajeidwo) {uebaq

8561-VS61 PoI9IdWOD 0v61 unbog juawpunodun) 6961 061 cs6l pepnisuod 1e0A

SOA SOA SOA SOA SoA JloAlasay

320y 9qe ayen Jajemues))d aye] uopdois mog uaoug J9|pjua

19[INua} 8)e] 0) SUOHEIOT IIUUBSBY |BRUBI0 SE PeISIIS SII0AI9SaY JO uosuedwon :g-¢L'Z alqel




Page 62 of 75

Case 4:05-cv-00329-GKF-PJC  Document 2089-5 Filed in USDC ND/OK on 05/19/2009

- - 4 4 - [4 9 4 SO-M1S
8 2 Z Z - 14 9 [4 YO-M1S
1 l 4 Z [4 4 9 [4 €0M1S
l 4 [4 4 - 14 9 14 zo1s
b 1 [ r4 Z I4 9 [4 LO-M1S
aye] uopdols
L 2 I4 I4 r4 4 9 [4 80-194d
1 3 4 4 - [4 9 [4 20199
1 3 [4 4 4 14 9 4 90-194d
b l 4 [4 - [4 9 4 €0-194d
JloAI8S9Y mog uayoig

e en pumupes | uomwedoimua TSNS WL homn.  eswod.  iAudasom
sejdweg juawipag so|dweg Jajep aoeung ai uoneys

a}IS yoea je dnous) isjewesed yoeg Joj pajoajjon sajdueg jo saquinp ajewixosddy

1002 ‘@4 UOP{O0IS PUR HOAISSOY MOg Usyo.g Je payds)|o) sajdweg jo Alewwng p-¢1°Z 9nbi4




Case 4:05-cv-00329-GKF-PJC  Document 2089-5 Filed in USDC ND/OK on 05/19/2009

/-s
Table 2.14-1 Summary of Number and Type of Manure Samples Collected
Number of Samples | Number of Samples for Full Suite
Fecal Source for DNA Analysis Chemical Analyses
Beef Cattle 31 10
Dairy Cattle 6 -
Ducks 11 -
Geese 11 -
Humans 7 -
Swine 3 -
Table 2.15-1: Summary of the Poultry House Datasets Created and Used During the Course of the
Investigation
Preliminary Dataset Interim Dataset Final Dataset
Database issue date 2005 7/1/2006 4/22/2008
~ Aerial Imagery Source gggl Sihi ‘fég aa;gd 2003- 2005 mosaic 2005 mosaic

Raw House Count 3629 3656 3656
Abandoned Houses - 345 361
Active Houses - 1967 1918
Inactive Houses - 826 836
N/A - 121 137
Removed Houses - 106 110
Status Unknown - 291 294

Aerial photographs, Aerial photographs,
Source °.f Status None preliminary field 2007-2008 field
Information : s : C

investigation investigations
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Case 4:05-cv-00329-GKF-PJC Document 2089-5 Filed in USDC ND/OK on 05/19/2009

Table 3.4-1: Laboratories

Laboratory

Type of Data

A&L Laboratories Inc., Memphis, Tennessee

Metals, Nutrients, water quality

Alpha Analytical Laboratories, Westborough,
Massachusetts

Total Trihalomethane formation potential (TTHM) and
halo acetic acids (HAA)

Aquatec Biological Sciences (Aquatec)

Chlorophyll a and plankton

Aquatic Research, Seattle, Washington (Aquatic
Research)

Total P, total dissolved P, soluble reactive P

Environmental Microbiological Laboratory, San Bruno
CA, (EML)

Bacteria

Environmental Testing and Consulting, Inc. (ETC)

Chlorophyll a and plankton

Food Protech

Bacteria

Great Lakes Environmental Center Travers City, Mi
(GLEC)

Chlorophyll a and plankton

GEL Analytics, LLC Golden, CO (GEL)

Estrogens

Waters Edge Scientific, Baraboo Wi, (WES

Benthic analysis (Algae, diatoms)

Reservoirs Environmental, Denver, CO

Dust and Metals in Air

Northwind Inc, Idaho Falls, ID

PCR

Green Water Labs (GWL) Palatka, FL

Microcystin

Michigan State University (MSU), East Lansing, Mi

Benthic macroinvertebrate identification

Chadwick/GEl, Littleton, CO

Benthic macroinvertebrate identification

Jeff Janik, PhD, Davis, CA

Phytoplankton/zooplankton identification
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Table 3.7.4-1: Completeness - Aqueous
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Parameter Laboratory Num.ber Nu_mber % . . % Total %
Qualified | Rejected | qualified | rejected | Analyzed | Completeness

Semi-Volatile Organic A&L 0 0 0.00% | 0.00% 1 100.00%
Compounds

Volatile Organic ASL 0 0 0.00% | 0.00% 1 100.00%
Compounds

1,2-Dichiorobenzene-d4 AAL 0 0 0.00% 0.00% 64 100.00%
17a-estradiol GEL 131 86 19.85% 13.03% 660 86.97%
17b-estradiol GEL 192 86 29.09% 13.03% 660 86.97%
f:;ambmmpmpmc AAL 0 0 0.00% | 0.00% 55 100.00%
4-Bromofluorobenzene AAL 0 0 0.00% 0.00% 64 100.00%
Alkalinity (as CaCO3) A&L 106 0 15.38% 0.00% 689 100.00%
Alkalinity (as CaCO3) Aquatic 0 0 0.00% 0.00% 2 100.00%
Ammonia Nitrogen A&L 2 0 0.33% 0.00% 612 100.00%
Brevibacteria 16S rRNA Northwind/ISU 0 0 0.00% 0.00% 32 100.00%
Bromochloroacetic Acid AAL 0 0 0.00% 0.00% 55 100.00%
Bromodichloromethane AAL 0 0 0.00% 0.00% 69 100.00%
Bromoform AAL 0 0 0.00% 0.00% 69 100.00%
Campylobacter A&L 2 2 100.00% | 100.00% 2 0.00%
Campylobacter species EML 0 0 0.00% 0.00% 292 100.00%
Campylobacter spp. FoodProtech 116 116 100.00% | 100.00% 116 0.00%
Chloride A&L 83 0 11.89% 0.00% 698 100.00%
Chiloride Aquatic 0 0 0.00% 0.00% 2 100.00%
Chloroform AAL 0 0 0.00% 0.00% 69 100.00%
Chlorophyll a GLEC 0 0 0.00% 0.00% 12 100.00%
Chlorophyll a, corrected Aquatec 0 0 0.00% 0.00% 700 100.00%
Chiorophyl a. Aquatec 0 0 0.00% | 0.00% 700 100.00%
ggn? a(r%’;e’“'ca' Oxygen | ag( 42 0 30.88% | 0.00% 136 100.00%
cop a(r%';e’"'ca' Oxygen | Aquatic 0 0 0.00% | 0.00% 2 100.00%
Coliforms FoodProtech 0 0 0.00% 0.00% 116 100.00%
Conductivity A&L 0 0 0.00% 0.00% 247 100.00%
Dibromoacetic Acid AAL 0 0 0.00% 0.00% 55 100.00%
Dibromochloromethane AAL 0 0 0.00% 0.00% 69 100.00%
Dichloroacetic Acid AAL 0 0 0.00% 0.00% 55 100.00%
Dissolved Aluminum AS&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Antimony A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Arsenic A&L 0 0 0.00% 0.00% 805 100.00%
Dissolved Barium A&L 4 0 0.57% 0.00% 705 100.00%
Dissolved Beryllium A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Boron A&L 0 0 0.00% 0.00% 9 100.00%
Dissolved Cadmium A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Calcium A&L 3 0 0.43% 0.00% 705 100.00%
Dissolved Chromium A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Cobalt A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Copper A&L 0 0 0.00% 0.00% 805 100.00%
Dissolved Iron A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Lead A&L 0 0 0.00% 0.00% 705 100.00%
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o~ Table 3.7.4-1: Completeness - Aqueous
0, 0, T 0,
b Laboratory g::l‘l?iz:l l;‘:j:lcl:::i qual/;fied rejef:’ted Ana‘:;iled Compléoteness

Dissolved Magnesium A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Manganese A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Mercury A&L 0 0 0.00% 0.00% 686 100.00%
Dissolved Molybdenum A&L 0 0 0.00% 0.00% 640 100.00%
Dissolved Nickel A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Ortho P (365.2) | A&L 0 0 0.00% 0.00% 403 100.00%
Dissolved Potassium A&L 7 1] 0.99% 0.00% 705 100.00%
Dissolved Selenium A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Silver A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Sodium A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Strontium A&L 0 0 0.00% 0.00% 9 100.00%
Dissolved Thallium A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Titanium A&L 0 0 0.00% 0.00% 9 100.00%
Dissolved Vanadium A&L 0 0 0.00% 0.00% 705 100.00%
Dissolved Zinc AS&L 21 0 2.61% 0.00% 805 100.00%
DOC A&L 0 0 0.00% 0.00% 211 100.00%
E. coli EML 0 0 0.00% 0.00% 729 100.00%
E-coli Plate Count A&L 2 2 100.00% | 100.00% 2 0.00%
Enterococci FoodProtech 0 0 0.00% 0.00% 106 100.00%
Enterococcus A&L 2 2 100.00% | 100.00% 2 0.00%
Enterococcus Group EML 0 0 0.00% 0.00% 729 100.00%
Estriol GEL 131 86 19.85% 13.03% 660 86.97%

~— Estrone GEL 131 86 19.85% 13.03% 660 86.97%
Fecal Coliform A&L 0 0 0.00% 0.00% 2 100.00%
Fecal Coliform EML 0 0 0.00% 0.00% 729 100.00%
Fecal Coliform FoodProtech 17 17 14.66% 14.66% 116 85.34%
Generic E. coli FoodProtech 116 116 100.00% { 100.00% 116 0.00%
Microcystin GWL 0 0 0.00% 0.00% 19 100.00%
Monobromoacetic Acid AAL 0 0 0.00% 0.00% 55 100.00%
Monochloroacetic Acid AAL 0 0 0.00% 0.00% 55 100.00%
Nitrite + Nitrate (as N) A&L 19 0 1.36% 0.00% 1402 100.00%
Nitrite + Nitrate (as N) Aquatic 0 0 0.00% 0.00% 14 100.00%
pH A&L 0 0 0.00% 0.00% 549 100.00%
Salmonelia (MPN) AL 0 0 0.00% 0.00% 3 100.00%
Salmonella species EML 0 0 0.00% 0.00% 728 100.00%
Salmonelia spp. FoodProtech 116 116 100.00% | 100.00% 116 0.00%
a%gg:,egead"’e P Aquatic 0 0 000% | 0.00% | 2123 100.00%
Staphylococcus A&L 0 0 0.00% 0.00% 2 100.00%
Staphylococcus aureus EML 0 0 0.00% 0.00% 726 100.00%
Staphylococcus aureus FoodProtech 0 0 0.00% 0.00% 85 100.00%
Staphylococcus spp. FoodProtech 0 0 0.00% 0.00% 31 100.00%
Sulfate Aquatic 0 0 0.00% 0.00% 14 100.00%
TOC A&L 0 0 0.00% 0.00% 1394 100.00%
TOC Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Aluminum A&L 9 0 1.37% 0.00% 658 100.00%
Total Aluminum Aquatic 0 0 0.00% 0.00% 2 100.00%

o Total Antimony A&L 19 0 2.89% 0.00% 658 100.00%
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Table 3.7.4-1: Completeness - Aqueous
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0 0, 0,
Parameter Laboratory g:am?i:rd g«:lj:::t::crl qual/;fied rejef:,ted Ar;l;ﬁgtfiled Compléteness
Total Antimony Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Arsenic A&L 3 0 0.40% 0.00% 758 100.00%
Total Arsenic Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Barium A&L 0 0 0.00% 0.00% 658 100.00%
Total Barium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Beryllium AS&L 0 0 0.00% 0.00% 658 100.00%
Total Beryllium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Cadmium A&L 0 0 0.00% 0.00% 658 100.00%
Total Cadmium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Calcium A&L 0 0 0.00% 0.00% 658 100.00%
Total Calcium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Chromium A&L 0 0 0.00% 0.00% 658 100.00%
Total Chromium Aquatic 0 0 0.00% 0.00% 2 100.00%
Totat Cobalt A&L 0 0 0.00% 0.00% 658 100.00%
Total Cobalt Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Coliform A&L 0 0 0.00% 0.00% 2 100.00%
Total Coliform EML 0 0 0.00% 0.00% 729 100.00%
Total Copper A&L 9 0 1.19% 0.00% 758 100.00%
Total Copper Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Dissolved P (365.2) | A&L 0 0 0.00% 0.00% 400 100.00%
L°;g:)g'§‘f°'ved P Aquatic 0 0 0.00% | 0.00% | 2123 100.00%
Totai Dissolved P (6010) | A&L 176 0 98.88% 0.00% 178 100.00%
Total Dissolved P (6020) | A&L 3 0 0.48% 0.00% 623 100.00%
Total Dissolved Solids A&L 368 0 35.38% 0.00% 1040 90.77%
Total Dissolved Solids Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Iron A&L 0 0 0.00% 0.00% 658 100.00%
Total Iron Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Kjeldahl Nitrogen A&L 36 0 2.55% 0.00% 1413 100.00%
Total Kjeldah! Nitrogen Aquatic 0 0 0.00% 0.00% 14 100.00%
Total Lead AS&L 0 0 0.00% 0.00% 658 100.00%
Total Lead Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Magnesium A&L 0 0 0.00% 0.00% 658 100.00%
Total Magnesium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Manganese A&L 0 0 0.00% 0.00% 658 100.00%
Total Manganese Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Mercury A&L 1 1 0.15% 0.15% 658 99.85%
Total Mercury Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Molybdenum A8&L 12 0 2.15% 0.00% 558 100.00%
Total Molybdenum Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Nickel A&L 0 0 0.00% 0.00% 658 100.00%
Total Nickel Aquatic 0 0 0.00% 0.00% 2 100.00%
Total ortho P (365.2) A&L 0 0 0.00% 0.00% 402 100.00%
Total P (365.2) A&L 0 0 0.00% 0.00% 387 100.00%
Total P (4500PF) Aquatic 0 0 0.00% 0.00% 2102 100.00%
Total P (6010) A&L 178 0 98.89% 0.00% 180 100.00%
Total P (6020) A&L 17 0 2.97% 0.00% 572 100.00%
Total Potassium A&L 8 0 1.22% 0.00% 658 100.00%
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Table 3.7.4-1: Completeness - Aqueous

/'\
0, 0, T o,
Parameter Laboratory QN:alezrd g;::::; quaé)fied reje/;ted Ana(:;azled Compléoteness
Total Potassium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Selenium A&L 9 0 1.37% 0.00% 658 100.00%
Total Selenium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Silver AS&L 3 0 0.46% 0.00% 658 100.00%
Total Silver Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Sodium A&L 0 0 0.00% 0.00% 658 100.00%
Total Sodium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Sulfate (SO4) A&L 19 0 2.95% 0.00% 644 100.00%
Total Suspended Solids A&L 300 0 29.10% 0.00% 1031 95.83%
Total Suspended Solids Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Thallium A&L 0 0 0.00% 0.00% 658 100.00%
Total Thallium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Vanadium A&L 0 0 0.00% 0.00% 658 100.00%
Total Vanadium Aquatic 0 0 0.00% 0.00% 2 100.00%
Total Zinc A&L 9 0 1.19% 0.00% 758 100.00%
Total Zinc Aquatic 0 0 0.00% 0.00% 2 100.00%
Trichloroacetic Acid AAL 0 0 0.00% 0.00% 55 100.00%
TTHM as CHCI3 AAL 0 0 0.00% 0.00% 54 100.00%
TTHMFP as CHCI3 A&L 0 0 0.00% 0.00% 91 100.00%
TTHMFP as CHCI3 AAL 0 0 0.00% 0.00% 11 100.00%
Turbidity AS&L 94 68 30.42% 22.01% 309 77.99%
Total 2516 784 3.95% 1.23% 63654 98.7%
o~
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Table 3.7.4-2: Completeness - Solids
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9 % Total 9
Parameter Laboratory g::l:?izrd I;‘el;:::l:::l quaﬁ’fied rejef:ted Analyzed Complﬁteness

%Clay A&L 0 0 0.00% 0.00% 242 100.00%
%Sand A&L 0 0 0.00% 0.00% 242 100.00%
%Silt A&L 30 0 12.40% 0.00% 242 100.00%
10-Day % Survival GLEC 0 0 0.00% 0.00% 40 100.00%
17a-estradiol GEL 11 0 9.40% 0.00% 117 100.00%
17b-estradiol GEL 45 21 32.61% 15.22% 138 84.78%
17b-estradiol-d3 GEL 21 21 15.22% 15.22% 138 84.78%
28-Day % Survival GLEC 0 0 0.00% 0.00% 20 100.00%
AL BOUND P Aquatic 0 0 0.00% 0.00% 15 100.00%
Ammonium (Water Soluble) | A&L 7 0 3.30% 0.00% 212 100.00%
Average Dry Weight GLEC 0 0 0.00% 0.00% 40 100.00%
Brevibacteria 16S rRNA Northwind/ISU 0 0 0.00% 0.00% 16 100.00%
CABOUND P Aquatic 0 0 0.00% 0.00% 15 100.00%
Campylobacter AS&L 41 41 100.00% | 100.00% 41 0.00%

Campylobacter species EML 0 0 0.00% 0.00% 58 100.00%
Campylobacter spp. FoodProtech 12 12 100.00% | 100.00% 12 0.00%

Chloride (Water Soluble) AS&L 2 0 0.94% 0.00% 212 100.00%
Coliform Plate Count AS&L 0 0 0.00% 0.00% 25 100.00%
Coliforms FoodProtech 0 0 0.00% 0.00% 12 100.00%
E. coli EML 0 0 0.00% 0.00% 156 100.00%
E-coli Plate Count AS&L 66 66 100.00% | 100.00% 66 0.00%

Enterococci FoodProtech 0 0 0.00% 0.00% 12 100.00%
Enterococcus A&L 66 66 100.00% | 100.00% 66 0.00%

Enterococcus Group EML 0 0 0.00% 0.00% 156 100.00%
Estriol GEL 32 21 23.19% 15.22% 138 84.78%
Estrone GEL 32 21 23.19% 15.22% 138 84.78%
FE BOUND P Aquatic 0 0 0.00% 0.00% 15 100.00%
Fecal Coliform A&L 0 0 0.00% 0.00% 41 100.00%
Fecal Coliform EML 0 0 0.00% 0.00% 156 100.00%
Fecal Coliform FoodProtech 0 0 0.00% 0.00% 12 100.00%
Generic E. coli FoodProtech 12 12 100.00% | 100.00% 12 0.00%

LOOSLY BOUND P Aquatic 0 0 0.00% 0.00% 15 100.00%
Moisture A&L 0 0 0.00% 0.00% 476 100.00%
Moisture Aquatic 0 0 0.00% 0.00% 15 100.00%
Nitrate-N (Water Soluble) A&L 2 0 0.84% 0.00% 237 100.00%
Nitrogen Ammoniacal AS&L 0 0 0.00% 0.00% 4 100.00%
g‘r‘;‘;?‘i; Total (inorganic + | g 16 0 360% | 0.00% 445 100.00%
Organic Matter AS&L 0 0 0.00% 0.00% 472 100.00%
gg;';ﬁ s'\t'l'z:f’ ASL 0 0 0.00% | 0.00% 6 100.00%
pH A&L 0 0 0.00% 0.00% 429 100.00%
Phosphorus (Mehlich 3) A&L 26 0 6.75% 0.00% 385 100.00%
Phosphorus (Water Soluble) | A&L 4 0 1.69% 0.00% 237 100.00%
Salmonella (MPN) A&L 0 0 0.00% 0.00% 41 100.00%
Salmonella species EML 0 0 0.00% 0.00% 156 100.00%
Salmonelia spp. FoodProtech 12 12 100.00% | 100.00% 12 0.00%

Solids Total AS&L 0 0 0.00% 0.00% 476 100.00%




